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Changi Airport Mass Rapid Transit (MRT) Station became operational in February 
2002. Currently, most air passengers handle their baggage by themselves when they go 
to the airport by train, which may cause inconveniences to passengers.  
 
In Kuala Lumpur (KL), there is a specific rail link for air passengers traveling between 
Kuala Lumpur International Airport (KLIA) and a downtown railway station in KL. 
Air passengers can check-in their baggage at the downtown railway station and then 
proceed to the airport by train without taking any baggage.  
 
This research explores the workspace scenario of implementing a downtown Baggage 
Check-in System (BCS) at City Hall MRT Station to facilitate the mobility of air 
passengers who take the MRT train to Changi Airport.  
 
Given that the research was human-centered, mixed macroergonomic research 
methods comprising field studies and measurements, questionnaires and interviews 
were adopted during the research. Besides field studies in Singapore, case studies of 
the City Air Terminal (CAT) in KL as well as the computer simulation of workspace 
scenario of the downtown BCS at City Hall MRT Station were conducted. The experts 
in the transportation industry involved in the research and the air passengers who 
participated in the research of the downtown BCS provided valuable data.  
 
The computer model integrated the simulation of the personnel subsystem, technical 
subsystem and the external environment. Digital human models were applied in the 
 vi
computer simulation of the downtown BCS workspace. Based on the body ellipse 
theory and queuing level-of-service standards, conversions followed by applications of 
these theories and standards were made and applied in the computer simulation of this 
macroergonomic work system.  
 
The research studied the workspace of the downtown City Air Terminal (CAT) in KL 
Sentral Station (KLSS).  Process regarding air passengers’ transportation and baggage 
transportation through KL CAT were also studied. Three schemes for the downtown 
BCS development at City Hall MRT Station were proposed. Semi-structured 
interviews were conducted with the experts of CAAS, SIA, LTA, and SMRT.  
 
Results show that the downtown BCS would bring more comfort and freedom of 
choice to air passengers who take MRT train to Changi Airport. The development of 
the downtown BCS at City Hall MRT Station needs to be designed differently from 
KL CAT. The workspace with the same dimensions and form as KL CAT is not 
suitable to be built in City Hall MRT Station because of the possible negative impacts 
on the MRT commuters’ transportation and the external environment of the BCS. 
Three schemes for the downtown BCS development at City Hall MRT Station were 
designed and simulated based on the study of the interaction among the personnel 
subsystem, the technical subsystem and the external environment of the 
marcoergonomic work system. After advantages and disadvantages of the three 
schemes were compared, the scheme with a workspace of no more than 3 Check-in 
Units and 1 Information Unit at ground level was recommended.  
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1.1     Research Background 
1.1.1     Relationship between Civil Air Transport and the Study 
Singapore Changi Airport, located on the eastern edge of Singapore, is a major air 
hub in the Asia Pacific Region. Alongside existing Terminal 1 and Terminal 2, 
Terminal 3 will be opened in early 2006, bringing the total passenger volume to over 
60 million a year. Anticipating the increase in passenger volume, the urban 
transportation planners have put effort into making the public transport link Changi 
Airport with the downtown area. In February 2002, Changi Airport Mass Rapid 
Transit (MRT) Station was opened to the public for their travel by train between 
Changi Airport and the downtown area.       
 
According to Ashford, Stanton, and Moore (1991, p. 1), the air transport system has 
three major components: the airport, the airline and the user. Being the physical site 
for the activities of the airlines and the users, the airport forms the essential part of an 
air transport system. In Singapore, Changi Airport and Singapore Airlines (SIA) were 
continuously adjudged the best airport and the best airline in the world respectively for 
their excellent operation and high quality services for air passengers.  
 
With regard to the future development of civil aviation, Lee (1997) has advocated that 
Changi Airport and Singapore Airlines keep on improving and innovating.1 Among all 
the services of civil aviation, baggage handling is very important for air passengers. It  
                                                 
1 Mr. Lee Hsien Loong’s lecture on the future economic development of the country on 30 April 1997, 
referring specifically Changi Airport and Singapore Airlines. 
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is an essential element within the total airport operation system (Ashford, Stanton, and 
Moore, 1991, p. 178).  
 
After the opening of Changi Airport Mass Rapid Transit (MRT) Station, air passengers 
are able to go to Changi Airport by train besides using traditional transportation modes 
such as taxi or bus.  Trains from the downtown area to Changi Airport stop at several 
stations before they arrive at the airport.  Air passengers share the space of the train 
cars with other MRT commuters who travel within the city. In addition, most air 
passengers handle their baggage by themselves when they go to the airport. Under 
these situations, they might experience difficulties and inconvenience. 
 
In Malaysia, rail links to Kuala Lumpur International Airport (KLIA) have also been 
developed to benefit air passengers. There is a specific rail link for air passengers 
between KLIA and KL Sentral Station (KLSS), a railway station in KL. Air passengers 
of some airlines can check-in their baggage at KLSS and then go to the airport by train 
without taking along any baggage.  
 
A downtown Baggage Check-in System (BCS) in a MRT station might also benefit air 
passengers in Singapore. This research therefore intends to study the workspace 
scenario of a downtown BCS at City Hall MRT Station, an interchange station in the 
Central Business District (CBD) of Singapore.  
 
1.1.2     Relationship between the MRT System and the Study 
The railway system in Singapore is currently composed of three different types 









(LRT) and interstate railway. MRT and LRT are in-island railway system for public 
transportation within Singapore. The interstate railway can reach cities in Malaysia and 
other countries, while it does not serve the inland transportation. In addition, the 
interstate railway and MRT are operated by different companies. Therefore, the 
interstate rail transportation would not influence the baggage check-in development at 
a MRT station.  
 
From the technical point of view, the railway system in Singapore can be divided into 
two categories: heavy rail system and light rail system (see Figure 1.1). The heavy rail 
system includes MRT and the interstate railway, while LRT belongs to light rail 
system (see Figure 1.2). The trains and stations of these two systems have different 
characteristics. According to the American Public Transportation Association, the 
trains of the heavy rail system have more cars than the trains of the light rail system.  
Consequently, the passenger capacity of the heavy rail system is relatively higher than 
the capacity of the heavy rail system.2 The MRT train has six cars capable of carrying 













                                                 



































                         Figure 1.2. Singapore railway system.  
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The MRT system is operated and maintained by Singapore Mass Rapid Transit 
Cooperation Ltd. (SMRT) and the Singapore Bus Service Transit Ltd. (SBS Transit).  
LRT is operated by Singapore LRT Pte. Ltd., a wholly owned subsidiary of Singapore 
MRT Ltd. It is an auxiliary rail system for MRT, which connects residential areas to 
MRT stations (Chin, 1998, p. 101). The government built the MRT system through 
Land Transport Authority (LTA) and leased it to the operation companies under a 
License and Operation Agreement (LOA). LTA retains regulatory role during the LOA 
period (SMRT, 2000). LTA and CAAS are the statutory boards under the Ministry of 
Transport (MOT). Given that both are government authorities, they can influence the 
development of downtown Baggage Check-in System.   
 
The MRT system comprises three routes: an East-West Line of 28 stations which runs 
from Boon Lay to Changi Airport and Pasir Ris,   a North-South line of 26 stations and 
a North-East line of 14 stations. There are 6 interchange stations in the system, with a 
depot for maintaining all the trains located at Bishan on the North-South line. The 
whole system was carried out in separated phases; the construction of the whole 
system started from 1983 and in 1990 the East-West line and the North-South line with 
two interchange stations were built. These two lines were operated and maintained by 
SMRT. Until February 2002, MRT line did not reach Changi Airport, and hence air 
passengers usually took car or bus to Changi Airport. With the extension of the East-
West line to the airport, air passengers in Singapore can now go to the airport by train. 
In 2003, a milestone in Singapore’s transportation was set with the opening of the 
North-East line, operated by SBS Transit. Hence the MRT system has a total of 63 
stations around the island.  
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Among the stations in the East-West line, City Hall MRT Station, an interchange 
station in CBD, is  the focus in this research for the development of downtown BCS.  
1.1.3     Relationship between City Hall MRT Station and the Study 
Changi Airport is the end point of the baggage transportation where baggage are 
finally sent, while City Hall MRT Station on the East-West line would be the starting 
point of the baggage transportation in this research.  
 
City Hall MRT Station is an interchange station in the Central Business District (CBD). 
Located on the north side of Singapore River, which is close to the administrative and  
cultural center of Singapore, City Hall MRT Station is crucial to the development of 
downtown BCS. Since the area is an important “window” of Singapore, a downtown 
baggage check-in system located in City Hall MRT Station would not only bring 
functional benefits to air passengers’ outbound transport, but also improve the 
reputation of the transportation system, hence its city center.  
 
The other two interchange stations in CBD are Raffles Place MRT Station and Dhoby 
Ghaut MRT Station. Raffles Place MRT Station is also an interchange of the East-
West line and the North-South line. It is located on the south of Singapore River. 
Unlike City Hall MRT Station and Raffles Place MRT Station, Dhoby Ghaut MRT 
Station is the interchange of the North-South line and the North-East line, which is not 
on the direct rail line to Changi Airport. Therefore, the location of City Hall MRT 
Station is selected for the development of downtown Baggage Check-in System.   
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City Hall MRT Station has two entrances: Entrance 1 (E1) faces North Bridge Road 
and the other entrance (E2) is close to Stamford Road. Also, E1 is adjacent to St. 
Andrew’s Cathedral, which is an important historical heritage of the country. Tay 
(1996) described St. Andrew’s Cathedral as:3 
 
Consecrated in 1862, St. Andrew's Cathedral is a national monument of special 
significance. Designed in the beautiful style of Gothic architecture, the 
Cathedral is more than a nostalgic monument of a by-gone era. It is alive and 
constantly imparting life to others through Jesus Christ. 
 
E2 is adjacent to Raffles City Tower, which houses one of the world’s tallest hotels. 
Alongside the two entrances on the ground level, there is an underground city-link 
mall connecting the station with Suntec City, the largest integrated commercial 
development in Singapore with 7 million square feet of convention, exhibition, office, 
retail and car park space.  
 
There are 10 MRT stations between City Hall Station and Changi Airport Station. The 
train stops at every station and it takes about 30 minutes to travel from City Hall MRT 
Station to Changi Airport.  
1.2     Relationship between Macroergonomic Theory and the Research 
The technologies of ergonomics have at least five identified subparts: four of them 
constitute the technology of microergonomics, while the fifth, human-organization 
technology, is the main technology of macroergonomics.4 According to Hendrick and 
                                                 
3 See Moses Tay. Welcome Message from the First Archbishop of the Province of South East Asia.  
[on line]. Available: http://www.livingstreams.org.sg/sac/info/archbish.html. 
4 See Appendix 1 for more discussion on microergonomics and macroergonomics.   
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Kleiner (2000, p. 1), “marcoergonomics deals with the analysis and design of work 
systems.” “Work” refers to any form of human effort or activity; “system” refers to 
sociotechnical systems which comprise technological subsystem, personnel subsystem, 
and work system design (Hendrick and Kleiner, 2000, p. 22). The subsystems interact 
with the external environment on which the system depends for its survival and 
success. A work system therefore involves two or more people interacting with some 
form of hardware and/or software, internal environment, external environment, and an 
organization design (Hendrick and Kleiner, 2000, p. 1). A macroergonomic 
worksystem components are shown in Figure 1.3 and Figure 1.4. 
 
Figure 1.3. Basic concept model for a work system. (Source: Kleiner, 2002, p. 134.) 
 
Figure 1.4. The work system’s external environment. (Kleiner, 2002, p. 134.) 
 
 9
Air passengers are the ultimate users of the civil air traffic. Therefore, airports and 
airlines need to continuously improve the quality of service for air passengers. Except 
for the improvements within the airport area or on the flight, services for outbound 
passengers before they arrive at the airport have also begun to emerge recently. For 
example, air passengers of Singapore Airlines may check-in via internet or phone at 
any place within the city before they go to Changi Airport. They can also order their 
favorite seat or food before they go to the airport. The boarding pass can then be 
collected at the specific airport counters for air passengers who have checked-in via 
internet or phone. This service reduces the time air passengers spend at the check-in 
counters in the airport. However, air passengers still need to handle their baggage from 
their locations in downtown to Changi Airport and check-in their baggage at the 
designated counter. Therefore, a downtown baggage check-in work system might 
benefit air passengers who go to Changi Airport by train.  
 
From a macrocergonomic point of view, the downtown BCS comprises the personnel 
subsystem and technological subsystem, which interact with the external environment 
of the BCS. Air passengers, baggage check-in staff, management staff of the 
organizations that have a direct relationship with downtown baggage check-in 
operation and development constitute the personnel subsystem of the downtown BCS 
(see Figure 1.5). Air passengers constitute the center of the personal subsystem. They 
have a direct or a “face-to-face” relationship with the check-in staff, who may come 
from Singapore Airport Terminal Services (SATS) or Changi International Airport 
Services to whom the airlines consign the air baggage check-in work. If the air 
passengers check-in at a MRT station, they might also have direct relationship with the 
MRT station staff for rail transportation. Consequently, after the air passengers arrive 
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at Changi Airport, they will have a direct relationship with the staff of CAAS for the 
necessary procedures before the flight. The other kind of the relationship among the 
organizations is on the system management, which includes aspects such as economic 
and legal issues.  
 
Figure 1.5. The personnel subsystem of BCS at City Hall MRT Station.  
In this research, it is assumed that the new check-in system is for Singapore Airlines’ 
flights, given that Singapore Airlines is based in Singapore, which has relatively good 
conditions to begin a new project. It is also reasonable that Singapore Airlines should 
be the first airline to open the new service in its hometown. In addition, it is not clear 
whether the space at City Hall MRT Station can be used for baggage check-in for more 
than one airline. Therefore, it would be advisable to focus on one airline first.  
 
The technological subsystem is composed of the check-in facilities including check-in 
counters, conveyor belts, and etc. The personnel subsystem and technical subsystem 
interact with the economic, legal, and other factors of the external environment of the 
BCS. To have an overall study of the whole work system is beyond the major concern 
of this research,5 as the research focuses on the workspace scenario of the downtown 
BCS development. Within this research goal, workspace for baggage check-in need to 
consider the air passengers’ check-in queue, check-in facilities as well as the 
transportation flow of MRT commuters. Ergonomic criteria of human space are 
                                                 




Airlines staff SMRT staff LTA staff 
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according to Hall (1969) and Fruin’s description of human space and queuing level-of-
service standards. Fruin (1971) developed the body ellipse theory and queuing level-
of-service standards, which clearly identified the comfortable levels and uncomfortable 
levels of human space. 6  According to these theories and standards, the check-in 
workspace at City Hall MRT Station should match certain space requirements and 
their locations need to have suitable relationship with the MRT commuters’ 
transportation flow.  
1.3     The Nature and Scope of the Research 
The research is intended to explore the workspace scenario of a downtown Baggage 
Check-in macroergonomic work system at City Hall MRT Station, which focuses on 
the passenger check-in behavior in relationship with the building space. 
Macroergonomics is a newly developed discipline in ergonomic/human factors, which 
is different but has close relationship with microergonomics.  
 
Macroergonomics does not directly study certain human-machine interface issues, but 
analyses the interaction of the subsystems, as well as seeks to balance the subsystems 
and their external environment. Macroergonomic theories are applied in the study of 
outbound air passengers’ baggage check-in process. Air passengers, who are at the 
center of the research, are users of the air transport, and they are customers for airlines 
from an economic point of view. While in this study, they are considered as humans 
who handle baggage during the outbound transportation by train, these “tasks” might 
cause inconvenience to them. 
 
                                                 
6 The theories are reviewed in Chapter 2.  
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Like architecture design, which needs the cooperation of architects, civil engineers and 
equipment engineers, a whole macroergonomic system research also needs the 
expertise of designers from different fields. Therefore, it is difficult to study all the 
issues related with the downtown BCS work system in a single research. The study 
hence focuses on one aspect of the downtown BCS development. Since the downtown 
BCS would occupy space at the MRT station, which might also influence the existing 
MRT operation and MRT commuters’ transportation, it is crucial to study the scenario 
of the workspace for air passengers’ check-in at the station. Therefore, based on an 
analysis of the interaction of the subsystems of the downtown BCS, this study focuses 
on the workspace scenario, especially the spatial relationship among air passengers’ 
check-in queues, check-in facilities as well as their external environment.   
1.4   Research Objective and Research Scheme 
 
Based on the survey in Singapore and the case study in KL, this study aims to identify 
the workspace scenario to develop BCS at City Hall MRT station from a 
macroergonomic point of view. The thesis is composed of five Chapters. Chapter 1 
forms the introduction of the research. Chapter 2 comprises first the literature review 
of the transportation context related to the research. The second part of the chapter 
reviews the theories on the relationship between human body dimension and space 
dimension. The research methodology will be discussed in Chapter 3, where process 
and multiple macroergonomic research methods, such as field studies and 
measurements, questionnaires and interviews are described. Chapter 4 focuses on the 
research findings which are concluded from the results of the research stages. The 
workspace scenario of downtown BCS at City Hall MRT station is analyzed and 








































discusses their relationship. The significance and the limitations of the research are 
also highlighted in this chapter. In addition, this chapter provides the suggestions for 
further research. The research scheme is summarized in Figure 1.6.  
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2. LITERATURE REVIEW 
2.1     Transportation Context 
Since downtown baggage check-in facilities and space would be the extension of the 
current baggage check-in system and the departure hall at Changi Airport into the city 
central area, and the new downtown check-in system would depend on the operation of 
the current airport baggage handling system, it is necessary to understand the situation 
of the current baggage check-in system at the airport.   
 
The downtown baggage check-in system is actually meant to “duplicate” the process at 
the airport to downtown area to benefit the outbound transportation of air passengers 
who travel by MRT. However, any change of the outbound transportation process 
should not affect the final conveying of baggage onto the airplane and the passengers’ 
movement onto the airplane. It means that a new system needs to effectively 
coordinate with the system at the airport to ensure a successful flight. A study on the 
current baggage transportation process would not only provide an understanding of 
current transportation context, but also be useful for future research on check-in 
systems at the MRT stations, regarding their integration with the current main baggage 
transportation process at the airport to ensure a successful flight. In addition, the study 
on the air passenger’s check-in behavior at the airport departure hall would provide a 
basis for the scenario research on air passengers’ check-in behavior at a MRT station.  
 
2.1.1     Singapore Transportation Context 
The airport system has two major components, the airside and the landside (Horonjeff 
& Mckelvey, 1994, p. 181). The airside comprises the runway and taxiway system, 
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while the land side comprises the terminal building, ground transportation system and 
support facilities.  
 
According to Ashford, Stanton, and Moore (1991, pp. 7-8), the physical design of 
airports consists of two major different operational classes: centralized and 
decentralized. In the centralized airport, “processing was carried out in the main 
terminal building and access to the aircraft gates was attained by piers and satellites or 
by apron transporters.” Compared with the centralized airport which has one terminal 
building, the decentralized airports have a number of unit terminals each with a 
complete set of facilities.  
 
Changi Airport was originally centralized and Terminal 1 (T1) was the main terminal 
building. It became a hybrid system with two individual terminals physically 
connected with one another when Terminal 2 (T2) was built to cope with the increased 
passenger volume (see Figure 2.1). Both T1 and T2 were designed to be symmetrical 
in shape. T2 had a total area of 285, 000 sq m, 30% larger than T1.1 Singapore Airlines 
was located in T2 and was the major airline in T2.   
 
Passenger Flows in T1 and T2  
Air passengers have similar transportation flows in Terminal 1 and Terminal 2. Both 
departure halls of T1 and T2 are located at the second storey of the terminal building. 
The baggage handling areas and arrival halls of T1 and T2 are located at the first 
storey of the terminal building.2  
 
                                                 
1 See Airtropolis: Singapore Changi Airport – Terminal 2, 1991, p.8.    
2 See Passenger terminal building, 1981, pp. 2-7, and Airtropolis: Singapore Changi Airport – Terminal 









Arriving aircrafts are parked at fixed gates next to the finger pier and passengers 
disembark through the aerobridges. Passengers then proceed by travelators and 
escalators to the arrival level. After entering the arrival hall, air passengers take their 
baggage from the claiming racetracks and then leave the airport to their destinations 
(see Figure 2.2).  
 
Departing passengers arrive at the departure hall through the basement or the outdoor 
platform of the departure hall. Lifts, stairs and escalators bring the passengers and 
visitors from the basement to the departure hall. After air passengers enter the 
departure hall, they proceed to check-in for their flights at the counters of the airlines 
(see Figure 2.3). 
 
An Automated Guideway Transit System (AGTS) links the two passenger terminal 
buildings. Air passengers who would go from one terminal to the other terminal 
building can take the train of the AGTS. The train stations are located within the 
terminal buildings and passengers can commute in comfort between the two stations. 
Departing passengers who came to the airport by MRT train can arrive at Terminal 2 
directly. If they are departing at Terminal 1, they need to take the AGTS train from T2 
to T1. If they have baggage with them, they still need to handle their baggage from T2 

























 Figure 2.3.  Changi Airport T1 departure hall. 
 
 20
Baggage Handling System of T1 and T2 
The study on the baggage handling systems of T1 and T2 needs to be conducted since 
the new system at downtown MRT station has to match the main baggage handling 
process in the airport. If the new system does not match the existing baggage handling 
process at the airport well, it will cause delay of a flight. 
 
Within the total airport operating system, the handling of passengers’ baggage is an 
essential element (Ashford, Stanton, & Moore, 1991, p. 178). Baggage operations may 
be divided into two broad areas: departure and arrival (see Table 2.1): 
Table 2.1. Departure and arrival process of baggage operation.   (Source: Ashford, Stanton, & 
Moore, 1991, p. 180.) 
Departure Arrival 
Carriage of baggage to check – in  Unloading from aircraft 
Transport to terminal airside Check-in procedures including tagging 
and on occasions weighing Sortation – loading onto claim devices 
Conveyance of baggage to airside Conveyance to reclaim area 
Sortation and makeup into aircraft loads
Transport of baggage to planeside 
Presentation of baggage to passengers 
for reclaim 
Loading onto aircraft Carriage from reclaim area 
 
The Baggage Handling System (BHS) of T1 was manual, when the airport was opened 
in 1991. The baggage transportation process through the manual system is described as 
follows:3 
 
Baggage from planes are loaded into containers or dollies and driven by 
tow trucks to these belts. They are passed onto the baggage claim belts 
that pass through to the baggage claim halls…. Baggage deposited at the 
check-in counters in the Departure Hall, after on a conveyor belt directly 
to the baggage sorting area on the 1st storey. After manual sorting, they 
                                                 
3 See Passenger terminal building, 1981, p. 7.  
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are loaded into containers or dollies and towed to the respective planes 
for loading.  
 
The baggage handling system of T2 was semi-automatic before 1999. The baggage 
transportation process through the semi-automatic system is described as follows:4 
The outbound baggage are transported from the check-in counter by 
conveyors to the coding stations where the flight number is fed to a 
process computer through an optical tag reader. After coding, the 
computer controls the transfer of the baggage from the delivery conveyor 
to the tilting sorter which is recalculating. When the baggage reaches the 
particular spur assigned for its flight, the system memory activates a 
switching device to tilt the tray so that the baggage slides down into its 
assigned spur. 
 
In December 1999, the BHS of T2 was updated to full-automatic system. It could offer 
more capacity – 23 million passengers per year compared to 18 million passengers per 
year with the original system.5  
 
The baggage handling systems of T1 and T2 were connected by the Inter – terminal 
Baggage Transport System. 6  Baggage from the aircraft were first brought to the 
baggage handling area of the nearby terminal. The baggage on transit to the other 
terminal building would be loaded onto the carriers, which travel along a tunnel to the 
baggage handling area of the other terminal building. After the baggage arrived at the 
                                                 
4 See Airtropolis: Singapore Changi Airport – Terminal 2, 1991, p. 9.  
5 See Out with the old, in with the new, 1999, p. 38.  
6 See Airtropolis: Singapore Changi Airport – Terminal 2, 1991, pp. 9-10.   
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other terminal building, they were sent to the baggage claim area to be collected by the 
passengers or the baggage handling system to be sorted for their flights.  
 
The baggage handling system in the future T3 will also be a full-automatic system. 
Similar to the baggage handling system in T2, baggage checked in from the counters at 
T3 will be automatically sorted by the instruments installed in the system.  An 
automatic baggage transfer system will connect the baggage handling systems of the 
three terminals (see Figure 2.4). Therefore, the baggage transportation among the three 
terminals would be convenient and fast.  
 
Figure 2.4. The baggage transfer system for the terminals (Source: CAAS). 
 
 
Changi Airport MRT Station 
 
Changi Airport MRT Station is on the East-West MRT line of the MRT system. 
Before Changi Airport MRT Station was opened in February 2002, air passengers 
went to Changi Airport through the highway system. Changi Airport MRT Station is 
located on the underground level between T2 and the future T3 (see Figure 2.5). The 
platform level is rectangular in plan with train tunnels on the two sides of the platform 
(see Figure 2.6). After passengers arrive at Changi Airport MRT Station, they exit 
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from AFC gates as in the situations at other MRT stations (see Figure 2.7). Then they 


























2.1.2     KL Transportation Context 
 
Space relationship between KLIA, KLSS, and KL CAT 
KL International Airport (KLIA) is the newest and largest civil airport of Malaysia. It 
is not located in the KL city. It was built in Sepang to the south of KL and is 70km 
from Kuala Lumpur (KLIA, 1998, p. 44). The airport is linked to KL city by KLIA 
Express and KLIA Transit, high-speed rail services for air passengers. KLIA Express 
is an exclusive rail link between KLIA and KL city without any in-between stop. 
KLIA Transit has three other stops at key townships along the way.7 Besides KLIA, 
the other endpoint of the express rail link is located in Kuala Lumpur Sentral Station 
(KLSS), on the fringe of the city center in KL city (see Figures 2.8-2.10). 
 
KLSS is the core of Kuala Lumpur Sentral district, which occupies a 29.1 hectare land 
to the southwest of city center of KL. It is a transportation hub of KL integrating four 
rail types in one station (see Figures 2.11-2.13).8  
 
KL City Air Terminal (KL CAT) is located in KLSS. 9  The phrase of “City Air 
Terminal” does not mean an airport built in the downtown area of the city, but 
facilities for check-in/out directed at air passengers who wish to check-in/out from the 
downtown area.  
 
 
                                                 
7 See Stesen Sentral Kuala Lumpur. Integrated rail service. [on line]. Available: 
http://www.stesensentral.com/integ_rail/erl.  
8 The four types are: KTM Intercity/Komuter, LRT, KLIA Express/Transit, and Monorail. See Stesen 
Sentral Kuala Lumpur. Integrated rail service. [on line]. Available: 
http://www.stesensentral.com/integ_rail/ktmb/index.htm.  



































































Kuala Lumpur International Airport 
 
The whole planning of the terminal building complex of KLIA is symmetric along a 
northeast-southwest axis, is divided into two similar parts by an axis (see Figure 2. 14). 
Each part contains a main terminal building and two remote satellite buildings. KLIA 
is to be developed in three phrases. Eventually, KLIA will have two terminals, four 
satellites and four runways when it is fully developed. Currently, KLIA airport has a 
passenger terminal building and a remote satellite building (see Figure 2.15).  The 
terminal building and the satellite building are linked by a track transit system. 
 
Compared with Changi Airport, the buildings within the terminal complex of KLIA 
are relatively scattered. Except for the plan of the two symmetric parts, the components 
(the terminal building and satellite building) within a part are not connected with each 
other. It will become a decentralized airport after the whole plan is executed.  
 
The terminal building comprises 6 levels with the departure hall on the top floor (see 
Figure 2.16). The baggage handling area is located on the ground floor, the same level 
with the Express Rail Link (ERL) station (see Figure 2.17). The departure concourse is 
located on the fifth storey of the terminal building (see Figures 2.18-19).  Passengers 
traveling abroad take the aerotrain to the satellite building to board the plane. 
Passengers taking domestic flights directly board the plane through the contact pier of 





Figure 2.14. Site topography and geology of KLIA. (Source: KLIA, 1998, p. 45.) 
 
Figure 2.15. Constructed main terminal building and satellite building of KLIA. (Source: KLIA,   





Figure 2.16. A functional cross-section of the main terminal building and contact tower. (Source: 




































The satellite building contains 4 levels (see Figure 2.20). The basement and ground 
levels are for baggage transfer and baggage handling; the 2nd storey is for the 
passenger transportation, which includes gate lounges for international passengers, 
aerotrain station, transfer counters and concession room; the mezzanine level is on the 
top storey, which includes the concessions and hotels.  
 
Air passengers travel by aerotrains between the main terminal building and the satellite 
building. The “aerotrain” in KLIA is a transportation mode which connects the 
terminal building and its satellite building, while the “skytrain” at Changi Airport is a 
transportation mode between two different terminal buildings, 
 
The aerotrain station of the terminal building is located at the contact pier. The contact 
pier has two main functions: it is where the terminal building contacts with the pier for 
aircraft; it is also where the domestic and regional passengers embark on or disembark 
from the aircraft. Long haul passengers board the aerotrain at the contact pier for the 
satellite building 1.2 km away (KLIA, 1998, p. 116). The contact pier has 4 levels, 
with the aerotrain station located on the third floor.  
 
Both the train station and the baggage handling area are on the ground level of the 
terminal building. After air passengers disembark from the train, they can take the lift 
to the departure hall on the fifth level of the airport. The baggage will be transported 








Figure 2.20.  Satellite of KLIA. (Source: KLIA,   1998, p. 1.)  
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2.2     Human Space Requirements 
 
From the above literature review on the transportation context, some information on 
the current air passengers’ outbound transportation and baggage handling process in 
Singapore and Kuala Lumpur are obtained. However, whether the air passengers, who 
took the MRT train to the airport with their baggage would meet difficulties, was 
unknown. Research on the current situation is not sufficient enough to conduct the 
simulation of the downtown baggage check-in at MRT station. The locations of the 
downtown BCS need to be chosen, as well as the scale and dimensions of the check-in 
space to be estimated. Therefore, the study on human space requirements from an 
ergonomic point of view was conducted. .  
 
According to Wright, Ashford, & Stammer (1998, p. 157),  
“Human space requirements are behaviorally based; the human being does not 
inertly occupy space in the same way as freight fills a warehouse or as parked 
cars are stored in parking lots. Human beings use space for various activities 
and react to that space in a manner that reflects their perception of its 
sustainability to their comfort.”  
 
This description indicates that human beings need more space than their basic body 
space to conduct their activities. Hall (1969) defined four distance zones to describe 
the space relationship of human beings (see Table 2.2). Fruin (1971) highlighted the 
characteristics of the distance zones (see Table 2.3).  He indicated that inter-person 
spacing could affect the comfortable environmental capacity of facilities (Fruin, 1971, 
p. 21). In transportation space, passenger queuing is a direct proof of the inter-person 
spacing relationship. According to Fruin (1971, p. 62), queuing might be defined as 
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“any form of pedestrian waiting that requires standing in a relatively stationary 
position for some period of time.” Queues can be categorized into two general types: a 
linear or ordered queue, or bulk queue. In a linear queue, people wait in order and are 
served in order, while in a bulk queue, people waited without any order and discipline. 
Table 2.2. The four distance zones. (Source: Hall, 1969, pp. 113-129.) 
 
Table 2.3. Characteristics of the distance zones. (Source: Fruin, 1971, pp. 20-24.) 
Distance Characteristics  
Public-Far Personal details and oral communication are difficult to be 
detected. Some of the facial expressions such as smile may 
be detected, but facial details such as eye color or skin 
texture may not.  
Public- Close Facial expressions can be detected, while facial details still 
can not. 
Social-Far Some of the personal details may be seen, while the finest 
detail of the face remains unclear. 
Social-Close Physical contact may possibly to be made and important 




Easily touch distance with the outstretched arm of a 
person. The fine personal details can be tested. 
Intimate-Far 
Intimate- Close Involuntary body contact may be difficult to avoid. 
 
Queuing spaces should be evaluated from the distance between human bodies (Fruin, 
1971, p. 64).  Fruin found bus commuters intended to select inter-person spacing at 
about 19 to 20 inches (48 to 51 cm) for both ticket purchase and bus waiting lines. Bus 
passengers with baggage would have a very small increase in space occupation, since 
Distance Zone Sub-Zone Value 
Far Phase ≥25 feet ≥7.6 meters Public Distance Close Phase 12-25 feet 3.7-7.6 meters 
Far Phase 7-12 feet 2.1-3.7 meters Social Distance Close Phase 4-7 feet 1.2-2.1 meters 
Far Phase 2.5-4 feet 0.8-1.2 meters Personal Distance Close Phase 1.5-2.5 feet 0.5-0.8 meters 
Far Phase 6-18 inch 15-46 centimeters Intimate Distance Close Phase <6 inch <15 centimeters 
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“most of these pedestrians placed their baggage between their feet or at their sides 
(1971, p. 64).”   
 
Fruin (1971, p.66) indicated that the body ellipse theory provided a useful method for 
illustrating queuing densities and synthesizing pedestrian mobility in queuing areas. A 
body ellipse is based on the basic body dimensions of human beings. According to 
Fruin (1971, pp. 19-20), body depth and shoulder breadth were the primary human 
dimensions in pedestrian design. A large number of human-factors studies showed a 
shoulder breadth of 20.7 inches (52.6cm) for the 99th percentile (99 percent are less 
than this) of civilian man, with a recommended addition of 1.5 inches (3.8cm) for 
heavy clothing. Similar studies of fully clothed male labors had a body depth 
dimension of 13 inches (33.0cm) and a shoulder breadth of 22.8 inches (57.9cm).  
 
The plan view of the average adult male human body had an area of about 1.5 square 
feet (1393.5 square centimeters). An 18 by 24 inch (45.7 by 61.0 centimeters) body 
ellipse (see Figure 2.21), equivalent to an area of 2.3 square feet (2136.8 square 
centimeters), had been used to determine the practical standing capacity of New York 
City subway cars (Fruin, 1971, p. 21).  
 
 
Figure 2.21. The body ellipse. (Source: Fruin, 1971, p. 20.) 
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In addition, Fruin defined various space zones for pedestrian queuing which ranged 
from touch zone to circulation zone (see Figures 2.22-2.23). A queuing with 2-foot-
diameter (0.6-meter-diameter) buffer zones per person, which was about 3 square foot 
(0.28 square meters) per person, was the boundary of the touch zone, because below 
this space occupancy, frequent contacts were likely to happen. An inter-person spacing 
of 3 feet (0.9 meter) and a 7-square-foot (0.65-square-meter) area was the boundary of 
the no touch zone, because contact with others could be avoided between 3 to 7 square 
feet per person if other persons would not move through the queue.  
 
The people buffer zone of 3.5-foot-diameter (1.1-meter-diameter) and 10-square-foot 
(0.93-sqaure-meter) area was termed the boundary of the personal comfort zone, which 
allowed a person to move laterally through the queue. The people buffer zone of a 4-
foot diameter (1.2-meter-diameter) and a 13-square-foot (1.2 square meters) area was 
the boundary of the circulation zone, since the movement of one person through the 
queue would be possible without disturbing others within this area.  
 
 





Figure 2.23. Personal Comfort Zone and Circulation Zone. (Source: Fruin, 1971, p. 68.) 
 
Based on these space zones, queuing level-of-service standards were developed to 
describe the comfort level of queues (see Table 2.4).  
 











Space is provided for standing and free circulation 
through the queuing area without disturbing others.  
B: Restricted 
Circulation Zone  
 
3.5-4 feet  
(1.1-
1.2m) 
Space is provided for standing and restricted circulation 
through the queue without disturbing others.  
C: Personal Comfort 
Zone 
3-3.5 feet  
(0.9-
1.1m) 
Space is provided for standing and restricted circulation 
through the queuing area by disturbing others. It is 
within the range of the personal comfort body buffer 
zone established by psychological experiments.  
D: No-touch Zone 2-3 feet  
(0.6-
0.9m) 
Space is provided for standing without personal contact 
with others, but circulation through the queuing area is 
severely restricted, and forward movement is only 
possible as a group.  
E: Touch Zone ≤ 2 feet 
(≤ 0.6m) 
Space is provided for standing, but personal contacts 
with others are unavoidable. Circulation within the 
queuing area is not possible.  
F: The Body Ellipse Close 
contact 
Space is approximately equivalent to the area of the 
human body. No movement is possible and close contact 
is unavoidable.  
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2.3     Conclusions  
 
From the literature review, three major differences are found between Singapore 
transportation context and KL transportation context on air passengers’ transportation 
and baggage handling from the downtown area to the airport. Firstly, the distance 
between the downtown area and the airport is different. Since KLIA is not located in 
KL, the distance between KLIA and the downtown area of KL is relatively far. 
Secondly, the MRT stations in Singapore contain one type of the rail system, while KL 
Sentral Station contains four types (intercity rail, KLIA Express/Transit, LRT and 
monorail). The MRT system was developed earlier than the downtown Baggage 
Check-in System would be built, while KL CAT and the railway stations were built at 
the same time in KLSS.  Thirdly, KLIA Express is an exclusive railway transportation 
type for air passengers in KL, which has no stop between KLSS and KLIA. There is 
another train service which has three stops between KLSS KLIA, which might separate 
the train commuters’ transportation from air passengers’ transportation. Since MRT 
system in Singapore is a rail network around the island and Changi Airport MRT 
Station is a newly opened MRT station in the network, trains from the downtown area 
to Changi Airport are opened for all passengers including air passengers and train 
commouters. There are 10 stops between City Hall MRT Station and Changi Airport 
MRT Station and air passengers stay together with other train commuters at every stop 
along the way.  
 
The above differences are derived from the related literature, which give a general 
description of the transportation context of this research. However, the current 
situations of air passengers’ outbound transportation and baggage handling are not 
clear.  Whether air passengers who took MRT train to Changi Airport would meet 
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difficulties is not clear, and how the downtown baggage check-in system in KL works 
is also unknown. Therefore, these situations have to be explored in this research.  
 
In this research, air passengers’ check-in queues are the major components of the 
downtown BCS workspace. It would influence the MRT commuters’ transportation 
space. The method to simulate the check-in queues from an ergonomic point of view is 
derived from the body ellipse theory and the queuing level-of-service standards, which 
has been used for many years in the design of walkways, stairways, and queue areas.  
They gave the descriptions of the relationship between human body dimensions and 
queuing space. However, the queuing level-of-service standards did not consider the 
baggage space for air passengers’ check-in queues.  
 
Since an air passenger with baggage may occupy larger space than the basic body 
ellipse (see Appendix 2), it is necessary to convert the queuing level-of-service 
standards to adapt to the study on air passengers with baggage. The conversion of the 






3. RESEARCH METHODOLOGY 
The research process comprised three stages. Stage 1 was information collection and 
analysis of the outbound passengers’ transportation from City Hall MRT Station to 
Changi Airport and their outbound baggage handling from the station to the plane.  
 
Stage 2 was information collection and analysis of the outbound passengers’ 
transportation from KL City Air Terminal (CAT) located in KL Sentral Station (KLSS) 
to KLIA and their outbound baggage handling from the station to the plane through the 
downtown Baggage Check-in System of KL CAT.   
 
Stage 3 was computer simulation which studied the workspace scenario of the 
downtown BCS at City Hall MRT Station. Whether a same downtown CAT 
workspace could be built in City Hall MRT Station was explored in this process. Three 
schemes for downtown BCS development were designed and compared.  
 
Given that the research was human-centered, it adopted macroergonomic research 
methods including field studies,1 field measurements, questionnaires, and interviews. 
In addition, computer simulations were conducted to simulate the workspace of the 
downtown BCS at City Hall MRT Station. The experts in the transportation authorities 
and companies involved in the research and the air passengers who participated in the 
research provided valuable suggestions and ideas.  
                                                 
1 According to Hendrick and Kleiner (2000, p. 41), field study is “variously referred to as systematic or 
naturalistic observation and as real-life research…. It involves going out into the field to systematically 
observe events as they occur naturally in real life.” 
 45
3.1     Singapore Situation Survey 
 
The research first explored whether MRT transportation had attracted a large number 
of outbound passengers since Changi Airport MRT Station was opened to the public.  
By reviewing the literature, a basic list of outbound passengers’ transportation modes 
from the downtown area to the airport was made.  Field studies were conducted at 
Changi Airport to determine the recent situation of transportation modes. In addition, 
173 air passengers were randomly selected from the departure halls of Changi Airport 
and their transportation modes were studied through brief interviews with them.  
 
Field studies and measurements were conducted to study the current air passengers’ 
transportation and the baggage handling processes from City Hall MRT Station to 
Changi Airport. The potential problems, which passengers might be confronted with 
during the processes, were explored. Field studies of the baggage handling area of 
Changi Airport were also conducted to study the operation of current Baggage 
Handling System (BHS) of Changi Airport.  
 
Questionnaire surveys were conducted in two types of outbound passengers:  ① air 
passengers who took MRT to Changi Airport and ②air passengers who took taxi to 
Changi Airport (see Appendix 3). The advantages and disadvantages of MRT 
transportation from air passengers’ point of view were explored and the views of these 
air passengers toward downtown Baggage Check-in System were also studied through 
questionnaire surveys.  
 
The reasons for comparing the two types of air passengers are to investigate their 
attitudes toward outbound transportation process from the downtown area to the 
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airport and to test their attitudes toward the downtown BCS development. The 
downtown Baggage Check-in System is designed to benefit the air passengers who 
travel by MRT; to relieve them of the difficulties caused by baggage handling. The taxi 
users’ attitudes were also investigated since the reasons why they did not patronise 
MRT would indicate the possible difficulties of MRT mode for the air passengers’ 
outbound transportation from the downtown area to the airport. In addition, to the fact 
that the taxi is also a type of public transportation, air passengers who take taxi might 
also be interesting and sensitive on the downtown baggage check-in development. 
Their opinions toward the new development would also be valuable.  If air passengers 
were interested in the BCS development, it would indicate that the development might 
bring benefit to them. 
 
To gather more information on the operation of current BHS of Changi Airport, 
interviews were conducted with the experts from CAAS. 
3.1.1     Field Study and Field Measurement 
 
Field studies were conducted to obtain insights on the nature of outbound air 
passengers’ transportation and their outbound baggage handling (see Table 3.1).  
Table 3.1. The locations and contents of the field studies in Singapore. 
Location Field Study Contents 
Nature of the space and passenger flow in City Hall MRT 
Station.  City Hall MRT Station 
Problems passenger might meet at the station. 
MRT Train Difficulties passengers might meet during the travel from City Hall MRT Station to Changi Airport.  
Changi Airport 
departure hall 
Nature of the baggage check-in workspace in Changi Airport 
departure hall 
Changi Airport baggage 
handling area 
Nature of the Baggage Handling System of Changi Airport.  
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With the starting point of the field study being City Hall MRT Station, the nature of 
the space and passenger flow of City Hall MRT Station were explored. Then the 
researcher traveled together with passengers with baggage to Changi Airport. The 
difficulties during the travel were observed. 
 
Field studies conducted at Changi Airport departure halls aimed to explore the nature 
of the baggage check-in workspace and the results were transferred into the computer 
simulation of the downtown baggage check-in workspace at City Hall MRT Station.  
 
Field studies were also conducted at the baggage handling area of Changi Airport 
Terminal 2. The baggage handling area can not be visited freely since the outbound 
baggage and inbound baggage are sorted in this area before they are sent onto the plane 
or to the arrival hall. They are opened to the air side of the airport and have direct ways 
to reach the plane. Therefore, the baggage handling area is strictly separated from 
public activities. The permission of CAAS was needed before conducting the field 
study in baggage handling area. In addition, photographs/pictures were not allowed to 
be taken in the area because of “sensitivities involved in baggage screening.”2 
 
During the visit of the baggage handling area, the central control room was also visited 
and an interview with the engineer operating the baggage handling system was 
conducted to obtain a better understanding of the baggage handling process after the 
baggage were checked-in.  
 
                                                 
2   It was the reply of CAAS for the request of photo taking in baggage handling area.  
 48
Field measurements were conducted to explore whether the facilities or instruments in 
City Hall MRT Station might cause difficulties to air passengers’ transportation. The 
other part of the field measurement study was to obtain the technical data of the 
baggage check-in facilities in Changi Airport. The locations and contents of field 
measurement studies are shown in Table 3.2.  
Table 3.2. The locations and contents of the field measurement study in Singapore. 
Location Field Measurement Contents 
City Hall MRT Station Instruments that might cause difficulties to air passengers with baggage.  
MRT train Interior dimensions of the train.  
Changi Airport departure hall Dimension of the check-in facilities. 
 
 
3.1.2     Questionnaire Survey 
 
Questionnaire surveys conducted at Changi Airport departure halls had four aims, 
namely to learn: a) why air passengers chose or did not choose MRT as their 
transportation mode from the downtown area to Changi Airport; b) whether passengers 
felt some discomfort during the journey from the downtown area to the airport; c) air 
passengers’ attitudes toward the idea of downtown BCS development at a MRT station 
and d) the passengers’ human requirements on the transportation from the downtown 
area to Changi Airport. Two sets of questionnaires were designed for passengers by 
taxi and passengers by train respectively (see Appendix 3). A comparative study 
between taxi users and train users was conducted based on the results of the two sets of 
questionnaire surveys.  
 
Six reasons were listed in the questionnaires and a blank portion was left to learn from 
air passengers why they chose or did not choose MRT as the transportation mode to 
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Changi Airport. The results indicated the advantages and disadvantages of using the 
train mode. The “Ergonomic Body Check” survey was adopted in the questionnaires to 
evaluate the comfort level of air passengers’ body parts after the journey from the 
downtown area to the airport. 3  Air passengers’ attitudes toward downtown BCS 
development at MRT station in Singapore were also explored in the questionnaires.  
 
The motivations of an air passenger’s choice to the questions might be based on his or 
her personal requirements (needs) toward transportation. For example, if a passenger 
considers “safety” as the most important factor in transportation, he or she may choose 
the safest transportation mode before his or her travel. According to Wright, Ashford 
and Stanford (1998, pp. 154-155), primary human requirements of transportation, are 
the increase of speed, increase of range and increase of carrying capacity, whereas 
secondary human requirements are safety, comfort, convenience, and status.  
 
The human requirements of air passengers with baggage might be different from the 
divisions of the primary requirements and secondary requirements discussed above. To 
find out the air passengers’ human requirements on transportation, a scaled-response 
question which listed four factors was designed. These factors were safety, comfort, 
speed and fare. The range factor was not listed since both train and taxi could easily 
reach Changi Airport from the downtown area. The status factor was also not included 
in the questionnaires since both train and taxi are popular modes of public 
transportation without apparent social differentiation. Expenditure was listed since the 
train fare from downtown area to Changi Airport was 1-2 S$, while the taxi fare was 
about 12-13 S$, the difference of the fares might affect the air passengers’ choices. 
                                                 
3     The “ergonomics body check” survey was adapted from the survey of “how human body feels as a 
result of their job (MacLeod, 1999, p. 181).” 
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Each factor had a scale from 1 (not important) to 5 (very important), passengers were 
requested to choose the scale for each factor. The mean values of these factors were 
compared with each other and the level of a factor’s importance to air passengers was 
hence explored.   
 
The questionnaire tested the general feeling of air passengers’ attitudes toward their 
outbound transportation process from the downtown area to the airport. In addition, it 
intended to examine the air passengers’ views on the downtown baggage check-in 
system development. If the MRT ride on the train cab is still uncomfortable even after 
the baggage check-in system has been built, it does not mean that the system 
development is ineffective. Since it is a fact that some air passengers would take the 
train to Changi Airport, baggage handling is likely to cause inconvenience. The 
downtown BCS would resolve certain level of the inconvenience air passengers would 
face during the outbound baggage handling process by MRT. The whole outbound 
transportation might still be uncomfortable in some way, but the inconvenience caused 
by baggage handling would have been removed to bring benefit to both air passengers 
and MRT commuters if the downtown BCS would be realized.  
 
Close-ended questions were used in the questionnaire since they were more suitable 
than open-ended questions for air passengers who had limited time. Close-ended 
questions are easier to answer than open-ended questions. 4 Apart from fully close-
ended questions, some of the questions required answers to be filled in by the 
respondents themselves, if necessary. For example, air passengers could fill in their 
                                                 
4 Close-ended questions are bounded with the listed answers predicted by the interviewer, while open-
ended questions need the respondents themselves to fill in the answers (Chava Frankfort Nachmias & 
David Nachmias, 1996, pp. 253-257). 
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specific reasons for choosing or not choosing MRT to Changi Airport, except for the 
reasons listed by the researcher.  
3.1.3     Interview 
 
Most air passengers lacked the professional knowledge and understanding of the the 
transportation system and its operation, as they were more sensitive about their 
personal feelings during the transportation process than the operation of the 
transportation system. To have a deeper understanding of the operation of the Baggage 
Handling System in Changi Airport, interviews were conducted with experts from 
CAAS who had professional knowledge of baggage handing issues.  
 
The expert is a person with special skills or knowledge representing mastery of a 
particular subject (Karltun & Eklund, 2000, p. 197). The experts’ knowledge were 
based on their profession, while the passengers’, were based on their practice of 
traveling. The experts’ perspective of change was based on the analysis of the 
synthetic influential factors, while the passengers mainly considered the use of the 
check-in system and had relatively less concern on the technical or economic factors 
regarding the system development. Therefore, interviews with the experts were 
necessary to obtain a more synthetic understanding of the whole process of baggage 
transportation. 
 
There are three main kinds of personal interviews: the schedule-structured interview, 
the focused interview, and the nondirective interview (Chava Nachmias & David 
Nachminas, 1996, pp. 232-235). The focused interview, which is also called semi-
structured interview, is usually used as a survey method in macroergonomic study 
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(Hendrick & Kleiner, 2000, p. 44). The semi-structured interview has four features 
(Chava Nachmias & David Nachminas, 1996, p. 234): 
 
1. It takes place with respondents known to have been involved in a particular 
experience.  
2. It refers to situations that have been analyzed prior to the interview.  
3. It proceeds on the basis of an interview guide specifying topics related to the 
research hypothesis.  
4. It is focused on the subjects’ experiences regarding the situations under study.  
 
Since the experts of Changi Airport are familiar with the current baggage handling 
system and have always been interested in the development of the baggage handling 
system, the whole interview can directly focus on the new baggage handling system 
and its relationship with the existing systems. Before the interview, the interviewer 
prepared a series of questions and relevant materials for the interviewees in order to 
prevent deflection from the main topic. The interviews were largely dependent on the 
interviewees’ work experience and focused on the downtown baggage handling. 
Therefore, it was suitable to conduct semi-structured interviews with the experts. Two 
executive engineers in CAAS shared their knowledge on the current baggage handling 
situation in Changi Airport. An interview was also conducted with the engineer in the 
central control room of baggage handling area.  
3.2     Case Study of KL Situation 
Field Study and Field Measurement 
The aim of the field study was to seek answers to the following questions: 
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1. What were the characteristics of outbound baggage handling processes from 
KL Sentral Station (KLSS) to KLIA?  
2. What were the characteristics of air passengers’ baggage transportation 
processes from KLSS to KLIA?  
3. What were the workspace characteristics such as the dimensions and layout of 
KL City Air Terminal (CAT) in KLSS? 
 
Field studies were conducted at KLSS, on KLIA Express train and at KLIA. The 
contents of field studies in KL are listed in Table 3.3.  
Table 3.3. The locations and contents of field studies in Kuala Lumpur. 
Location Contents 
KLSS The characteristics of space and passenger flows in 
KLSS.  
KL CAT Air passengers’ baggage check-in process at KL 
CAT; workspace characteristics of KL CAT.  
KLIA Express train Air passengers’ travel on the train.  
KLIA departure hall Air passengers’ baggage check-in process at the 
departure hall of KLIA.  
KLIA baggage transfer area Baggage transfer process after they were sent off 
the train.  
KLIA baggage handling area Characteristics of the Baggage Handling System 
of KLIA. 
 
Since KL CAT was located in KL Sentral Station (KLSS), the field study on the space 
and passenger flows in KLSS was firstly conducted. Then the study focused on KL 
CAT, where air passengers checked-in and took the train to KLIA. The researcher also 
took KLIA Express train together with the air passengers to KLIA. Air passengers’ 
transportation processes after they arrived at KLIA were continuously studied. The 
baggage handling processes from KLSS to KLIA were also explored. Since baggage 
could be checked-in at both the departure halls of KLIA and KL CAT, the relationship 
between the two check-in systems were also explored.   
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Field study of KLIA’s baggage handling area was conducted to explore the situations 
of the Baggage Handling System of KLIA. Through the help of CAAS, the researcher 
obtained permission to visit the baggage handling area in KLIA. The baggage transfer 
process from the train to the plane was studied through the field study.  
 
Field measurements were also conducted at KL City Air Terminal (CAT) to gather the 
technical data for the research. The spatial dimensions and form of KL CAT and the 
dimensions of the check-in instruments were obtained through field measurements.  
  
Interview 
Interviews were conducted with the experts and air passengers in KL. The interviews 
with the experts were mainly about the operation of the downtown baggage check-in 
system, and the interviews with the air passengers were about their attitudes toward the 
downtown baggage check-in system in KL. Through the help of CAAS, the interviews 
were conducted with the experts of Malaysia Airports (Sepang) Sdn. Bhd., which was 
responsible for the operation of KLIA, and the experts of Express Rail Link Sdn. Bhd., 
which was responsible for the operation of KLIA Express between KL Sentral Station 
and KLIA.  
3.3     Workspace Design and Simulation of the Downtown BCS  
The workspace of the downtown Baggage Check-in System at City Hall MRT Station 
was simulated through CATIA.5 Three schemes for the downtown BCS development 
at City Hall MRT Station were designed and simulated. 6 
 
                                                 
5 CATIA is a system software which has human factor module.  
6 See Appendix 4 for the research methods of the computer simulation of the downtown BCS.   
 55
Personnel Subsystem Simulation 
Since the shoulder breath for 95 percentile Singapore male was 47.9cm, and the chest 
depth was 26.0cm (Lim, Ngan, & Lam, 1989, pp. 69-70), which was not larger than 
the shoulder breath of 99 percentile civilian men described in Fruin’s research, the 
body ellipse described by Fruin was hence not less than the basic body space 
requirement of Singapore male. Therefore, the body ellipse described by Fruin was 
adopted in the research to represent the body space of air passengers, MRT commuters, 
and operation employees at City Hall MRT Station.  
 
Besides the air passengers’ body space, their baggage would also occupy space and 
affect the workspace of the check-in system.  Since the queuing level-of-service 
standards did not consider the baggage space, it could not be applied directly to 
describe the inter-person distance in a baggage check-in queue. In this study, the 
distance between the centers of the body ellipses in the queuing level-of-service 
standards were converted to the clearance between the body ellipses.  The passengers 
carrying baggage were deemed to be an integral block, and the clearance between the 
integrated blocks was described by the converted queuing level-of-service standards 




Figure 3.1. Queuing level-of-service for air passengers with baggage. 
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Therefore, the queuing level-of-service standards were converted to describe the air 
passengers’ queue characteristics (see Table 3.4). 
Table 3.4. Transferred queuing level-of-service. 
 
Level-of-service y1(inch) y1 (cm) y2 (inch) y2 (cm) 
Level-of-service A >48  >121.9 >30 >76.2 
Level-of-service B 42-48 106.7-121.9 24-30 61.0-76.2 
Level-of-service C 36-42 91.4-106.7 18-24 45.7-61.0 
Level-of-service D 24-36 61.0-91.4 6-18 15.2-45.7 
Level-of-service E ≤24 ≤61.0 ≤6 ≤15.2 
 
Different queuing level-of-service standards lead to different lengths of queues. Based 
on the field study at Changi Airport, KLIA, and the downtown CAT in KL, the 
characteristics of air passengers’ baggage check-in queues were explored. The 
computer simulation adopted the level-of-services that were close to the real situation 
of baggage check-in to simulate the scenario of air passengers’ check-in queues at City 
Hall MRT Station.  
 
The workspace was expected to be suitable not only for air passengers’ check-in, but 
also for the MRT commuters’ transportation in the station.  The workspace could not 
block the necessary pathways for commuters.  The pathways needed to be wide 
enough for at least 2 passengers walking through at the same time.  
 
Technical Subsystem Simulation 
The technical subsystem simulation was based on the guidelines of baggage check-in 
facilities design, interviews with the experts from CAAS, LTA, SIA and SMRT, and 
results of field studies measurements at Changi Airport departure halls and KL CAT 
baggage check-in system.  
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The technical subsystem was the facilities for air passengers’ baggage check-in 
activities. It provided check-in and information services to air passengers. At the same 
time, the check-in facilities could not block the pathways of the MRT commuters. 
 
Three locations within City Hall MRT Station were chosen for the simulation: entrance 
level, concourse level and platform 2 level where passengers boarded the train. 
Platform 1 level did not contain the train to Changi Airport and air passengers would 
directly take escalators from concourse level to platform 2 level. Therefore, this 
research did not choose platform 1 level as a location for the downtown BCS 
development.  
 
The location at ground level is adjacent to the entrance facing Stamford Road. There is 
an upgrading project for City Hall MRT Station planned by LTA at the same location. 
The original aim of the upgrading project is to add a lift and ramp to benefit the MRT 
commuters. The baggage check-in system is possible to be built with the upgrading 
project.  The area near the other entrance facing North Bridge Road would not be 
suitable to develop the downtown BCS since St. Andrew’s Cathedral is located 
adjacent to the entrance.  
 
The second location is at concourse level of the station and the third site is located at 
platform 2 level of the station. The locations are chosen at the places where air 
passengers would be provided possible space for baggage check-in and have least 




External Environment Influence  
The downtown BCS is composed of the personnel and technical subsystems, which are 
affected by the external environment. The personnel subsystem comprises air 
passengers and staff from the related transportation authorities and companies. The 
technical subsystem includes the check-in facilities, through which air passengers 
would perform their baggage check-in behavior.  The locations, numbers, and the 
dimensions of the check-in facilities will directly affect the air passengers’ check-in 
behavior. The personnel and technical subsystems are affected by the factors from the 
external environment such as the economic factor.  
 
The downtown BCS will inevitably take the space of MRT station. From an 
architectural point of view, some physical space would be taken by the baggage 
handling system. From an economic point of view, the airline and the airport may need 
to pay rental of the building space to the MRT operation company. The expenditure of 
building and operating the downtown BCS will increase with the increase of the 
dimensions of the downtown BCS. To explore the external environmental factors’ 
impacts on the BCS development, interview studies with the experts from the 
transportation authorities which have direct relationship with the BCS development 
were conducted. The experts expressed their opinions on the development of the 






4. RESEARCH FINDINGS 
4.1     Singapore Situation 
4.1.1     City Hall MRT Station Investigation 
City Hall MRT Station has four levels: entrance level, concourse level, platform 1 
level and platform 2 level. Except the entrance level, the other three are below ground 
level. City Hall MRT Station has two entrances at the ground level: one of the 
passenger entrances is near North Bridge Road; the other one is near Stamford Road 
(see Figure 4.1). Passengers descend by elevators or stairs to the concourse level of the 
station, which is connected to the commercial corridor, leading to Suntec City, a large 
integrated commercial development in Singapore.  
 
The entrance facing North Bridge Road 
 
 
The entrance near Stamford Road 
Figure 4.1. The two entrances of City Hall MRT Station. 
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The entrance facing North Bridge Road is directly accessible from the outside. The 
entrance near Stamford Road is connected with a shopping mall and has glass doors to 
separate the indoor and outdoor space.  The escalators and stairs are located near the 
entrances, which are easy to find (see Figure 4.2). Escalators are available to facilitate 
the vertical transportation of passengers: most passengers would ascend or descend 
through escalators. Stairs are built in parallel with the escalators as another choice for 
passengers.  
 
Figure 4.2. Escalators and stairs for vertical transportation. 
 
After the passengers descend via escalator from the entrance level, they firstly get to 
the concourse level, where passengers buy tickets and enter the Automatic Fare 
Collection (AFC) gate to board the train. The AFC gate is an automated electrical 
open-close system designed to permit the passengers to walk through one by one after 
the ticket is read through a scanner installed on the AFC gate. The passenger service 
office is located beside the AFC gates where officers provide information and other 
necessary service. The station platform level has a rectangular and modular plan. Two 
columns of pillars are located along the length of the platform, at the ends of which the 
mechanical rooms are located.  Figures 4.3-4.6 show the space and passenger flows of 
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Figure 4.6. Passenger flows at platform 2 level in year 2002.
1     Equipment Room
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Figure 4.5. Passenger flows at platform 1 level in year 2002.






4.1.2     Air Passengers’ Transportation Process  
Current air passengers’ transportation process from City Hall MRT Station to Changi 
Airport is showed in Figure 4.7.  
Figure 4.7. Air passengers' transportation process from City Hall MRT Station to Changi Airport. 
 
By Taxi By Car By Bus On Foot 
Arrive at MRT Station 
Enter the AFC gates 
Buy Ticket 
Descend via escalator 
to the platform level 
Alight from the train 
Exit the AFC gates 
Ascend via escalator to 
the departure hall 
Board the train 
Travel to the airport 
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At City Hall MRT Station 
Air passengers enter one of the two entrances together with other MRT commuters.  
Passengers with baggage also have to pass through the external steps (see Figure 4.8). 
Inconvenient frictions between passengers and their baggage sometimes may happen.  
 
Figure 4.8. External steps of the entrance. 
 
After air passengers enter the station, they take the escalator to descend to the 
underground concourse level. If many passengers take the escalator at the same time, 
the level of discomfort of passengers with baggage will increase since the baggage 
handling may also disturb other MRT commuters traveling via the escalator (see 
Figure 4.9).  After air passengers arrive at the concourse level, they enter the 
Automatic Fare Collection (AFC) gate to the paid area (see Figure 4.10) of the station. 
For those air passengers without a prepared ticket card, they need to buy tickets before 
entering the AFC gate. The clearance between most AFC gates (0.5 m) is not as wide 
as the clearance between Changi Airport AFC gates (1.2m), which is more suitable for 
air passengers’ use. The AFC gate will stay open for  3 seconds after the ticket has 
been scanned (see Figure 4.11), which requires the passenger to walk through it very 
quickly. For a passenger with two or more baggage, it would be almost impossible to 
walk through the gate. To resolve the problem, a gate of the same size as in the airport 




Figure 4.9. Passengers on the escalator. 
 
Figure 4.10. AFC gates of City Hall MRT Station. 
                                                   
 
 
Figure 4.11. Ticket check at the AFC gate. 
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Air passengers, who possibly have no prepared ticket card, need to buy tickets before 
they entered the AFC gates. It is inconvenient for air passengers with baggage to buy 
tickets since the space before the ticket office is not capacious enough for baggage 
handling, especially at a busy MRT station. Although there are automatic ticket 
machines for passengers to buy tickets, it may also cause difficulty for air passengers 
who have no bank cards or enough coins. 
 
After passengers enter the AFC gates, they need to continuously descend, using the 
escalator to platform 2 level (see Figure 4.12), where they board the train to Changi 
Airport. The internal time between two trains is 5-6 minutes. Before the arrival of the 
train, passengers wait beside the train door position. At peak hours, there would be 
many people waiting there. When the train arrives, passengers board the train after the 
alighting passengers have gotten off the train (see Figure 4.13). The doors of the trains 
will close after 25 seconds; it will cause inconvenience or even danger to air 
passengers to board the train if there were many commuters boarding the train at the 
same time (see Figure 4.14). 
 
On the Train 
The journey from City Hall MRT Station to Changi Airport takes approximately 30 
minutes. The train would have fewer passengers once it travels further from the city 
center. When the train is congested, baggage would form a hindrance for commuters’ 




Figure 4.12. Minor contact between passengers at the foot of the escalator. 
 
Figure 4.13.  Passengers boarding the train. 
 
 
Figure 4.14. Closing train door. 
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Alighting from the Train 
After air passengers alight from the train, they exit from the AFC gate of the MRT 
station. Then passengers take the escalator to the departure hall. Since the airport 
facilities are specially designed for air passenger with baggage, passengers would feel 
comfortable in the airport.  However, for air passengers who are departing from T1, 
their baggage handling journey is not finished.  
 
The MRT station can directly reach T2 and future T3, but can not directly reach T1. 
Air passengers need to take skytrain to T1 from T2 after they have alighted from the 
MRT train.  The time of a train to stay at the station is longer than the usual MRT train, 
making it more comfortable and safer for baggage handling.  
 
Conclusions of the Air Passengers’ Transportation Process 
After the opening of Changi Airport MRT Station, air passengers in Singapore can 
take MRT trains to the airport, which is another public transportation mode besides the 
bus and taxi.  Since MRT is a railway system serving the whole island, it means that 
air passengers near any MRT station would be able to board the train directly and go to 
the airport. However, it is also possible that air passengers, especially those with 
baggage, might feel inconvenient to descend by escalator from one level to another 
level; to enter the AFC gate; to board the train and to travel to Changi Airport with 
their baggage on the train. Therefore, a downtown Baggage Check-in System would 
help to avoid the possible problems as discussed.  
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4.1.3     Air Passengers’ Activities at the Airport 
After air passengers arrive at the airport departure hall, they proceed to the check-in 




Figure 4.15. Air passengers' activities at the departure hall. 
 
Passengers who have no baggage to check-in are still required to obtain their boarding 
passes at the check-in counter. The check-in procedure is managed by the airlines. The 
airport do not attend the operation of baggage check-in process except providing 
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check-in facilities for airlines. Therefore, the procedure may be different among the 
various airlines in Changi Airport. For example, the phone and internet check-in 
services are mainly opened to the air passengers of Singapore Airlines. Via phone or 
internet check-in, air passengers can arrange for seat, food, etc. before they go to the 
airport. But the boarding passes still have to be collected at a specific counter at the 
airport departure hall. And air passengers also have to check-in their baggage at the 
counters in the airport. After the baggage are checked in, they are sent along the 
conveyors installed in the ceiling and transported to the baggage handling area. Then 
the baggage sorting process start in the baggage handling area, which is managed by 
the airport.  
4.1.4     Questionnaire Survey Results 
The vehicle types for passengers traveling from the downtown area to Changi Airport 
are listed in Table 4.1.1  
Table 4.1. Transportation modes from downtown area to Changi Airport. 
 
The survey of 173 air passengers in Changi Airport shows that the car users still cover 
more than 80% of all the vehicles to Changi Airport. The opening of MRT 
transportation attracts some passengers, while most of the passengers still adopt the car 
                                                 
1 See Appendix 5 for a photographic description of the transportation modes. 
Type Description 
Common Taxi The maximum capacity is 5 seats (including the driver).  
Car (except taxi) Include  private cars, hotel cars, etc. 
Passenger Van Include airport shuttle, etc, with a capacity between 3 to 
12 seats. 
Tour Coach The capacity is more than 12 seats.  
Bus Buses stop at the basement level of T1 and T2 
MRT Changi Airport MRT station is located at the basement 
level between T2 and future T3.  
Others Including motorcycles, lorries, etc.  
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mode (see Figure 4.16). 5.2% respondents chose MRT to Changi Airport, while 12.7% 
respondents chose other modes such as coaches. Therefore, the MRT transportation did 
not bring apparent change to the air passengers’ choice of transportation modes to 
Changi Airport.2  
 
                               
Figure 4.16. Traffic composition from the downtown area to the airport. 
 
Questionnaire surveys were administrated to another 53 MRT users and 56 taxi users 
to obtain their views toward the outbound transportation process to the airport and 
their attitudes toward downtown baggage check-in system development.3 Passengers’ 
responses shows that among the four listed factors (safety, comfort, speed, and fare) 
which might affect their choices of certain transportation mode, safety has the highest 
rank at an average of 4.5, medial level between “rather important” and “very 
important” (see Figure 4.17). The other 3 factors have the similar rank at an average of 
about 4.0, which shows that these factors are also important to them, but less important 
than safety.  
 
                                                 
2 Two surveys conducted in 1993 and 1998 showed that car (including taxi, non-rented car, etc.) was the 
major transportation mode to Changi Airport. See Tan, 1994; Tang, 1998. The survey conducted in this 
research showed that car was still chosen by the largest number of air passengers after the MRT train 
could reach Changi Airport.  
3 See Appendix 3 for the contents of the questionnaire survey.  
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Compared with the passenger requirements described by Wright, Ashford and Stanford 















Figure 4.17. Influential factors in the air passengers’ decision making process. 
 
influential factor for passengers’ choosing of certain transportation mode from 
downtown area to the airport. Similarly, comfort had the same importance as the 
original primary requirement, such as speed. These differences showed passengers 
were now more aware of the ergonomic requirements which would make their journal 
safer and more comfortable.  
 
The air passengers’ responses to the question of why they did not take train to Changi 
Airport were as follows:  
• They had heavy baggage to carry and MRT has no carts to carry these baggage.  
• They had many baggage to carry.  
• Their families or friends sent them via private cars.  
• They were not familiar with MRT transportation. 
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The passengers’ reaction toward the question of Ergonomics Body Check also shows 
that passengers who took taxi felt more comfort than passengers who took MRT (see 
Figure 4.18). The MRT users would feel more uncomfortable than taxi users at the 
shoulder, elbows, lower back, forearm, and wrist/ hands, which was mainly because of 
the relatively long time spent on baggage handling.4  
 
Figure 4.18. Air passengers' responses on ergonomics body check survey. 
 
81.1% of the respondents who took train to Changi Airport indicated that the 
downtown baggage check-in needed to be developed at a MRT station. The other 
respondents had no opinions on the issue since they did not know the relevant 
transportation context in Singapore.  62.5% of the respondents who took taxi to Changi 
Airport believed downtown baggage check-in needed to be developed in Singapore. 
They thought it would be an advanced, relatively safe, comfortable, and fast check-in 
mode for their outbound transportation.  
 
                                                 
























































19.6% of the respondents had a negative attitude toward the downtown BCS 
development in Singapore. They thought it was still not as comfortable as travelling to 
the airport by car and to check-in at airport. Some of them considered it was not 
necessary in Singapore. The remaining 17.9% respondents had no comments on this 
issue, which was mainly because they did not know the transportation in Singapore. 
The compositions of the passengers who “agree”, “disagree” and “no idea” in the sum 
of the taxi users and MRT users is shown in Figure 4.19.  
 
 
 Figure 4.19. Air passengers’ attitude toward downtown BCS development in Singapore. 
 
4.1.5     Current Baggage Handling System at Changi Airport 
Studies on the current baggage handling system (BHS) at Changi Airport were 
conducted to explore the possible interaction of the downtown BCS with the existing 
BHS in Changi Airport.  Studying the current baggage handling system is important 
since the downtown baggage check-in system is necessary to effectively coordinate 
with the baggage handling system at the airport. The baggage checked in at the 
downtown Baggage MRT Station is finally sent onto the airplane together with the 
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possibilities of the transportation of the baggage checked in from downtown check-in 
counters: either they are directly sent onto the plane or they are sent into the baggage 
handling system at the airport to be sorted with other baggage checked in at the airport. 
The former is almost impossible to be achieved, reasons for which are described as 
follows: 
 
1. The checked baggage, even if they belong to the same airline, might have 
different flight number. The manual sorting in a limited space such as a 
downtown railway station is very difficult and can easily lead to mistakes.  The 
baggage might be delayed or even be sent to the wrong flight. 
2. The baggage might not be directly sent onto the plane without being sending to 
the baggage handling area.  The vehicles carrying the baggage directly into the 
air side of the airport might not be allowed, which might cause the congestions 
of the air side of the airport and also bring a lot of difficulties in moving 
baggage from the vehicles onto the plane. 
 
Therefore, the baggage checked in at the downtown MRT station have to be sent into 
the baggage handling system and be sorted together with the baggage checked in from 
the airport departure hall before they are sent onto the plane. Therefore, the current 
baggage handling and the air passengers’ check-in processes at the airport need to be 
studied.  
 
Currently, all air passengers check-in their baggage at the departure hall of Changi 
Airport T1 and T2. After the baggage are checked in, they are sent into the baggage 
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handling area via the conveyor installed in the ceiling. According to an executive 
engineer of CAAS,  
 
After the baggage are checked-in, they are moved onto the conveyors and enter 
the system. The system will sort the baggage to the right carousel for the flight, 
where the workers wait beside and put the baggage onto the containers, then 
drive the containers to the aircraft.  
 
The “system” refers to the Baggage Handling System in Changi Airport, which is the 
baggage sorting device located at the baggage handling area of airport terminals. These 
devices are made from specific baggage handling system manufacturers. Three kinds 
of BHSs had been used in Changi Airport: manual, semi-automatic and full-automatic 
BHS. According to the experts, the major difference among the BHSs is the baggage 
sorting method. Under the manual mode, baggage do not have bar codes,5 they are sent 
to the baggage handling area and sorted by manual work. In the semi-automatic mode, 
each baggage is labeled with a bar code during the check-in process. This bar code is 
scanned manually into the center-controlling system under a semi-automatic mode, 
while the bar code is scanned automatically via laser sensor under full-automatic 
system. After the bar code is scanned, the baggage is placed under the tracing of the 
center control system during the next handling procedures, which means the center 
control system knows exactly the location of each baggage at any time before these 
baggage are sent to the aircraft. The baggage transportation under different modes is 
shown in Figure 4.20. The BHS in T1 was upgraded in 1993 after the original system 
had served since 1981, while the BHS in T2 experienced a total replacement in 1999 
                                                 
5 The bar code is a tag attached to the bags when they are checked-in.  
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(see Table 4.2). The new system in T1 was designed to handle more baggage volume 
than the original one, while the system in T2 was changed from a manual mode to a 
full-automatic baggage system. 
 
Figure 4.20. Baggage transportation process in different baggage handling systems. 
 
Table 4.2. Upgrading date and mode of the Baggage Handling System. 
 Terminal 1 Terminal 2 
Commence date July 1981 November 1990 
Renovation date October 1993 December 1999 
Original Mode Manual  Semi-automatic 
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 79
The mode of the baggage system remained manual after the retrofitting. The reason is 
related to the airlines check-in counter allocation. T2 is the home-base for Singapore 
Airlines, which has more counters than other airlines, while T1 contains more airlines 
than T2 and each airline has several designated check-in counters. Passengers of 
Singapore Airlines can check-in their baggage at any counter of Singapore Airlines in 
T2 within 3 days before the flight time. However, air passengers in T1 can only check-
in their baggage at designated counters and at designated times in the same day of the 
flight. Therefore, the baggage for a flight checked in at T1 are sent along the same 
conveyor to the baggage handling area, with no interference with the baggage from 
other flights or other airlines. The baggage of the same flight are sent into the 
designated carousel of the manual baggage handling system together and finally 
















           
 
Sorting racetrack 
Figure 4.23. Baggage handling area in T1 (Source: CAAS.) 
 
The situation is different in Terminal 2, which is the home-base of SIA. Passengers can 
check-in at any counter of SIA for different flights at anytime in the day. Usually, 
different baggage of different flights are sent together via the same conveyor, which 
makes separation of these baggage before moving them onto the plane very difficult 
under manual mode; moreover, it can cause confusion or lead to mistakes. Therefore, 
in Terminal 2, an automatic sorting system is necessary for baggage handling. The 
original baggage system of T2 was semi-automatic. Each baggage was labeled with a 
bar code after check-in. The baggage were then sent to a  room, where the bar codes 
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were manually scanned and the information of each baggage was recorded into the 
center controlling system and location of the baggage could be traced by the central 
controlling system. The baggage handling system was changed in 1999 and a full-
automatic system was adopted to increase efficiency (see Figure 4.24). Under this 
mode, the baggage need not be sent into the baggage scanning room for manual scan; 
they will be moved directly to the baggage sorting belts, where laser scanners are 
installed to trace these baggage. The baggage are then transported on a special 
conveyor composed of foursquare boards consequently connected via conveyors. Each 
board supports one piece of baggage. When the baggage are conveyed to a certain 
node which is conducted to its flight, the board will be tilted to send the baggage into 
the spin conveyor which leads to the carousel of the flight. After they are sent on the 
carousel, they are put into the baggage carts manually and then moved to the plane. At 
last the baggage of a flight are sent onto the baggage container of the plane.  
 
Figure 4.24. Full-automatic baggage handling system of T2. (Source: CAAS.) 
 
The sorting belts which circle around the space are above the carousel.  So when the 
baggage are tested by the laser sensor, the information on the baggage is recorded into 
 83
the system. Then when they arrive at the conveyor they should get into, they are 
leading into the road. The arrival baggage handling and outbound baggage handling 
are done in the same room. The arrival baggage carousels are located near the baggage 
claim area; when the baggage arrive, they are first carried into a trolley; then they are 
driven into the baggage handling area and then put onto the conveyor to the baggage 
claim area ready for pick up. For transfer flights, the workers put the baggage onto a 
conveyer, instead of putting it on the claim carousel. The conveyors transfer these 
baggage into the main sorting belt, where they are moved to the right carousel for their 
flight. The differences between the baggage transportation flow of current Changi 







Figure 4.25. The differences between the manual mode and full-automatic mode. 
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4.2     KL Situation  
4.2.1     Characteristics of KLSS and KL CAT 
KL’s railway system is composed of intercity train, LRT, monorail system, and KLIA 
Express/Transit. Since KL’s LRT lines are operated by different companies, 
passengers need to change their tickets when they move from one LRT line to another 
line operated by different company. KL Sentral Station (KLSS), a junction building 
housing the intercity train, Putra LRT, KLIA Express and KLIA transit, is the 
intersection of KL’s railway system.  
 
In KLSS, the platforms of different rail types are not separated on different levels, but 
located on the same level (see Figure 4.26). There are partition walls separating these 
platforms. Passengers descend to the platform level to take train from different 
concourse halls for different rail types (see Figures 4.27-4.29).  
 
 





Figure 4.27. LRT platform in KLSS. 
 
Figure 4.28. LRT concourse level in KLSS. 
 
Figure 4.29. Corridor leading to air passengers' departure hall. 
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The workspace of downtown Baggage Check-in System in KLSS has a rectangular 
plan with 1 island of 10 check-in counters (see Figure 4.30). Passengers can reach the 
check-in hall from three directions: the entrance facing the outdoor street, the corridor 
from the central concourse hall, and the interior shops in the back of the check-in 
counters. The total length and width of the check-in island is 18.25m and 8m 
respectively. The space between the check-in island and AFC gate of KLIA Express 
station is almost a square, and the length of the edge is approximately 30m. Five of the 
check-in counters face the space and 10 columns air passengers can check-in at the 
same time. One side of the square space is the office of Malaysia Airlines, where air 
passengers can directly buy flight tickets. The opposite side of MAS’s office is the 
place for rest.  
 
The platform of the KLIA Express train is located under the baggage check-in hall. 
Passengers can take a lift or escalators to the platform of KLIA Express train, where 
they board the train and go to KLIA.  
4.2.2     Air Passengers’ Transportation from KLSS to KLIA 
Air passengers’ transportation flow from KLSS to KLIA is shown in Figures 4.31-4.37. 
Except for the traditional check-in at the airport, air passengers of some airlines can 
also check-in their baggage at KLSS. Air passengers’ baggage check-in process at 
KLSS is the same as the process in the airport. There are similar check-in facilities in 
KL CAT to the facilities in the airport.  At the check-in counter of KLSS, passengers 
put the baggage on the baggage scale, show their flight ticket and passport, and finally 







































































Figure 4.31. Air passengers' transportation from KLSS to KLIA. 
By Taxi By Car By Bus On Foot 
Arrive at KLSS station
Check-in baggage 
Descend via escalator 
to the platform level 
Alight from the train 
Exit from the AFC 
gates 
Ascend via escalator to 
the departure hall 
Buy MAS Ticket? 
Buy MAS Ticket 
Check-in? 
Buy Train ticket  








Figure 4.32. The walkway of the departure hall. 
 
Figure 4.33. The entrance of the departure hall. 
 




Figure 4.35. Check-in counters of KL CAT. 
 
Figure 4.36. Air passengers' baggage check-in. 
 
Figure 4.37. MAS office. 
 
 91
Passengers can check-in their baggage at KL CAT in the morning for an evening flight. 
After air passengers have finished baggage check-in and obtained their boarding pass, 
they can freely do things such as shopping, meeting friends, etc. Travelers can 
continuously travel around the city without taking care of their baggage. The airlines 
are responsible for the baggage transportation from the downtown CAT to the airport. 
The downtown BCS not only brings more body comfort to air passengers, but also 
increases the freedom of choices for air passengers’ outbound transportation. 
 
Air passengers can directly go to KLIA by express train from KLSS. Passengers need 
to buy tickets before they take the train (see Figure 4.38).  They need to enter the ticket 
gate, which is similar to the AFC gate in Singapore (see Figure. 4.39). Then they 
descend by escalator to the platform level of KLSS, where they board the train to the 
airport (see Figure 4.40).  
 
When the downtown baggage check-in hall began to operate, Malaysia Airline was the 
only airline which had opened the counters in KL CAT. Currently, KL CAT handles 
Cathay Pacific and Royal Brunei Airlines as well. These two airlines appointed MAS 
as their ground handler at KL CAT and allowed their air passengers to check-in at KL 
CAT.  Air passengers of other airlines in KL still can not check-in their baggage at KL 
CAT and have to bring their baggage with them when they take trains to KLIA. After 
air passengers arrive at KLIA station, they alight from the train to the ground level of 
KLIA’s main terminal building. Since the departure hall is located at the fifth storey of 
the terminal building, passengers will take a lift to the departure hall. Passengers who 
have checked in their baggage at KL CAT can directly get into the departure lounge 
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and board the plane since their boarding pass has been obtained through the downtown 
check-in system.  
 
 
Figure 4.38. Queue line for buying train tickets. 
 
 
Figure 4.39. AFC gate of KLIA Express train. 
 
 




4.2.3     Baggage Transportation from KLSS to KLIA 
Baggage transportation process from KLSS to KLIA is shown in Figure 4.41.  
 
Figure 4.41. Baggage transportation process from KLSS to KLIA. 
 
After the baggage are checked in, they are sent to the baggage sorting area where they 
are put into a baggage container and sent down via lift to the platform of KLIA 
Express. The baggage handling area on the platform is separated from the passenger 
platform, suggesting a clear division of function and a good vision. The container is 
sent into the end car of the train, where a separated space is used for baggage 
transportation.  The train is composed of 4 cars, with a total length of 68m. The 
baggage car takes nearly half of one car at one end of the train. The other parts of the 
train are for the use of passengers.  
 
After the train arrives at the departure hall at the ground floor of the airport, the 
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baggage are then sent into the full-automatic BHS and inspected automatically by the 
system before they are sent onto the plane (see Figures 4.42-4.44). The BHS in KLIA 
is also a full-automatic one, which means that each piece of baggage has a bar code.  
The location of the baggage can therefore be traced by the inline baggage screening 
system and automatic bar code scanner. Besides, there are security scanners installed 
on the system to inspect these baggage automatically instead of the x-ray procedure 






Figure 4.42. Baggage transportation process after the train arrived at KLIA. 
         
                   Figure 4.43. Baggage conveyor.                   Figure 4.44. Baggage container.
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4.3     Workspace Design and Simulation 
 
Three schemes for the downtown BCS development were designed and compared to 
explore the workspace scenario of the downtown BCS at City Hall MRT Station. 
4.3.1     Workspace Simulation   
The scenario of air passengers’ activities after they arrive at City Hall MRT Station is 
described in Figure 4.45. It shows that the downtown BCS will offer more freedom of 
choices to outbound passengers.   
       
 
Figure 4.45. The scenario of air passengers’ activities at City Hall MRT Station. 
 
 
According to Fruin (1971, p. 20), humans tend to acquire larger space for their 
activities, “if freedom of choices exists, pedestrians will adopt personal spacing which 
avoids contact with others.” Therefore, the BCS needs to provide necessary human 
space for air passengers’ baggage check-in activities.  
 
Baggage check-in 
Arrive at the station 
Take train to 
Changi Airport
Leave the station for meeting 
friends, shopping, etc, and 
then go to Changi Airport by 
any transportation mode 
Use other 
transportation mode 
to Changi Airport 
such as taxi   
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With regard to the workspace of downtown BCS, two main aspects were considered. 
Firstly, the downtown BCS needs to have sufficient space for air passengers’ check-in 
activities.  Secondly, since City Hall MRT Station is mainly for train commuters’ 
transportation, the workspace needs to avoid the conflicts associated with common 
MRT commuters’ transportation flow.  
4.3.1.1     Technical Subsystem  
 
For the work between air passengers and check-in staff, the Check-in Unit (CU) and 
the Information Unit (IU) were designed. CU is used for air passengers’ baggage 
check-in, which includes the check-in counter for ticket/passport check and the 
conveyor belt for moving baggage to baggage sorting room behind the check-in 
counter. IU is used for air passengers’ information inquiry, air and/or train ticket 
buying, etc. Several CUs and IUs can be connected with each other to become a linear 
group. In this group, the CUs and IUs are separated by doors to allow the check-in 
staff in and out. The dimensions of the CU and IU are based on the relevant design 
criteria and the field measurement studies of the real check-in facilities in Changi 
Airport and KL CAT.  
 
According to Blow (1996, p. 124), the dimension of a linear check-in desk was 1000 x 
800mm, with front staff access of 400mm wide (see Figure 4. 46). The depth of the 
space for the activities of check-in staff was 1600mm. And the width of the conveyor 
belt beside the check-in counter was 600mm.  
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Figure 4.46. Linear check-in front staff access. (Source: Blow, 1996, p. 124.) 
 
To learn the real situation of check-in facilities at departure halls in Singapore and KL, 
field measurements were conducted at Changi Airport departure halls and KLSS (see 
Figures 4.47-4.48).6 The results are shown in Table 4.3: 
Table 4.3. The dimensions of the check-in counter.  
Location D1 D2 D3 
Changi Airport Terminal 1 1000 700 2000 
Changi Airport Terminal 2 1180 700 3000 
KLIA CAT 1260 750 2400 
Note: D1, D2, and D3 in the table are the dimensions shown in the following figure. 
 




                                                 
6 See Appendix 6 for the details of the dimensions of the check-in counters.  
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Figure 4.47. Images of check-in counters in T1 (left) and T2 (right). 
 
Figure 4.48. Images of check-in counters in KL CAT. 
 
Based on the above data, the dimensions of the CU and IU of downtown BCS at City 
Hall MRT Station are shown in Figure 4.49. The counter dimensions which would 
occupy relatively less space and at the same time adapted for check-in use, are adopted 











Figure 4.49. The dimensions of the CU and IU. 
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The dimensions of the CU and IU are the same at the three locations for downtown 
BCS development (see Figure 4.50-4.51). The width of a CU (1000mm) may have 
slightly changes if the site has special situations. However, 1000mm is the minimum 
dimension for the width of the CU and IU. The desk of an IU has the same dimensions 
as the desk of a CU, while an IU does not have conveyor belt. Therefore, A CU can 
actually be converted to be used as an IU, but an IU can not be converted to be used as 
a CU because there is no conveyor belt beside an IU for baggage check-in.  Doors are 
fixed between CUs and IUs to allow the check-in staff to move in and out of the units 
(see Figures 4.52-4.53).   
 
Figure 4.50. The perspective of a Check-in Unit. 
 
 
































Figure 4.53. Access for the check-in staff. 
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4.3.1.2     Personnel Subsystem 
 
Air passengers queue before the check-in counter. Through the field study of air 
passengers’ transportation from City Hall MRT Station to Changi Airport, it was found 
that the passenger-baggage ratio was usually one-to-one especially when MRT was 
chosen as a mode of transportation. Therefore, the simulation adopted the dimension of 
a passenger with one case, as described by Wright, Ashford, & Stammer (1997, p. 166). 
The air passenger and the baggage are simulated as one block with a dimension of 700 





Figure 4.54. The dimensions of a passenger with a piece of baggage. 
 
Field studies in the departure hall showed that the queue before the check-in counter 
had two main characteristics: 
 
1. The clearances among air passengers along x-axis were dependent on the width of 
the check-in counters (see Figure 4.55). If the width of the check-in counter was Q1, 
while the width of the trolley was Q2, the clearance (X1), (X2) would be: 


















Figure 4.55. Queuing level-of-service in Changi Airport. 
 
2. The y-axis distance between the passenger who was conducting check-in activity 
and the first waiting passenger was at queuing level-of-service B or C. It was larger 
than the distance among the following passengers, which was usually at queuing 
level-of-service D (see Figure 4.56). 7 
 
Figure 4.56. Images of the check-in queue in Changi Airport. 
                                                 
7 See Chapter 3, pp. 55-56 for the discussion of converted queuing level-of-service standards.  
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The dimensions of the queue line adopted in the workspace design of downtown BCS 
at City Hall MRT Station is shown in Figure 4.57. The distance between the passenger 
who was conducting check-in activity and the first waiting passengers was 610mm at 
the boundary of queuing level-of-service B and C.  The clearance among the following 
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Figure 4.57. Scenario of the check-in queue of the downtown BCS. 
 
 Figure 4.58. The queue of a Check-in Unit. 
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The total length of the queue could be calculated by using the following equation: 
Y1 = 460 + 610 + (a-1) x 700 + (a-2) x 200 
The “a” represents the number of the air passengers in a queue. The “a-1” represents 
the total number of the air passengers except the first passenger who was conducting 
the check-in activity.  
 
The length of an Information Unit queuing was similar to the length of a Check-in Unit. 
The only difference was the clearance between the passenger who was inquiring and 
the first waiting passenger. Since the baggage was still with the passenger, the 
clearance would be about 300mm (see Figure 4.59).  
 
 
Figure 4.59. The queue of an Information Unit. 
 
4.3.1.3     Three Schemes 
 
City Hall MRT Station has four levels: the entrance level, the concourse level, the 
platform 1 level and the platform 2 level.  Computer simulations chose three sites 
located at different levels of City Hall MRT Station to explore the workspace scenario. 
The platform 1 level was not included since this level did not contain the train to 
Changi Airport and the BCS was not suitable to be settled on this level.  
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Scheme 1  
City Hall MRT Station has two entrances at the ground level. The workspace is not 
suitable to be located within the current entrance buildings since the current entrance 
buildings are near the escalators and stairs where train commuters frequently passed by. 
The possible locations to develop BCS on the entrance level are in the areas adjacent to 
the entrances of City Hall MRT Station, which can be connected to the current 
entrance building as an added part of City Hall MRT Station.  
 
St. Andrew’s Cathedral is located adjacent to one of the entrances facing North Bridge 
Road. As a historical and cultural heritage in Singapore, it is not suitable to develop 
the downtown BCS within this area. Therefore, the areas adjacent to another entrance 
near Stamford Road is more suitable for the development of downtown BCS, since this 
entrance is near an international hotel and commercial center.   
 
One side of the entrance near Stamford Road has relatively complex transportation 
flows than the other side as a result of commercial activities. The other side of the 
entrance has little commercial activities and so the transportation flow here is 
relatively simple (see Figure 4.60) It is therefore chosen as a location for the 
development of downtown BCS. According to the plan of LTA, an upgrading project 
would also be undertaken at this side without commercial activities. The situations of 
the upgrading work were learned through the interview with the project manager of the 
upgrading work of City Hall MRT Station.  
 
The original design of the upgrading work did not consider air passengers’ baggage 
handling.   It  would be  built  to   benefit  the  train commuters’ transportation. Similar  
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Figure 4.60. The construction site of the upgrading work. 
 
upgrading work have been conducted at other MRT stations. A lift and a ramp will be 
added to the station in the upgrading (see Figure 4.61). The upgrading will not take all 
the space in this area and so the downtown BCS can be built together with the 




The Entrance Near Stamford Road
Stair Escalator
 
Figure 4.61. The relationship between the upgrading work and the original building. (Source: 
Land Transport Authority.) 
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Based on the space analysis of this location, a scheme with 3 CUs and 1 IU was 












The drawing shows the spatial relationship among the entrances and the site for 
the downtown BCS development on the ground floor. The upgrading site is 
adjacent to Entrance 2, a project under construction to benefit the commuters of 
the MRT transportation. 
 




















The original design of the upgrading work added a lift and ramp to the station as an additional 
transportation option for the commuters.  The baggage check-in facilities can be located in the 
vacant space of this site to allow air passengers to check-in before boarding the train, 
according to the upgrading manager of the project.  
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The drawing shows that the number of check-in counters can affect the width of the corridor 
beside the check-in workspace. The new development includes three check-in counters and 
one service counter. The service counter is close to the stairs; passengers from Stamford Road 
can firstly come to the service counter if they have any inquiry, and then conduct check-in at 
the other counters. Or they can directly conduct check-in at the counters with baggage belts.  
 
 
























The drawing shows the dimensions of the check-in counter and the service counter. 
The dimensions are decided through the literature review and the field study at Changi 
Airport. A difference between the counters here and the airport counters is that the 
counters at the airport departure hall have no staff entrances into the counters. At the 
airport, the check-in staff usually enter the work area in the counters through the 
check-in belt. It might be used at the airport because the airport departure hall is 
spacious than the check-in space at MRT station. For the check-in queues at a MRT 
station, the action of check-in staff’s getting on the baggage belt would be quite a 
“sudden” behavior to the air passengers waiting in queue before the counter; it would 
cause inconvenience to these air passengers.  
 



























The queuing simulation was based on the body ellipse theory and queuing level-of-
serve standards. The check-in space is meant to provide air passengers a “comfort” 
space. An obvious question that emerged was: what would be the “comfort” space 
from an ergonomic point of view? The research hence studied the theory on pedestrian 
queuing zones and level-of-service standards which had been used for years as the 
standard for the design of the walkways, stairways, and queue areas (Wright, Ashford, 
& Stammer, 1998).  
 











The perspective shows that the check-in activity and the transportation flow of the MRT commuters do not interfere with each other. Air passengers can 
go directly into the check-in space from Stamford Road.  MRT commuters can go along the corridor at the back of the check-in area and then enter the 
station. After the air passengers finish their check-in, they can go together with the MRT commuters to take the lift to the concourse level of the station.  
 
Figure 4.67. Perspective 1 of the BCS workspace at ground level. 
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A ramp is designed to help to ease the baggage handling through the stair of the baggage check-in work area. Air passengers may draw their baggage 
through the ramp, instead of lifting the baggage through the stair.  
  
Figure 4.68. Perspective 2 of the BCS workspace at ground level.  114
 
The workspace with no more than 3 Check-in Units and 1 Information Unit can be located at ground level of the upgrading site. And the maximum 
number of passengers in a check-in queue is 3 passengers, which would allow the necessary circulation space for the passenger to walk to the lift after 
check-in.  
















The dimensions of the check-in counter and information counter at this location are 
1100 x 800 x 1100mm (width x depth x height). The width of the conveyor belt of the 
CU is 700mm. The counter width is not the standard 1000mm as discussed before 
since there is a column of pillars located between the two edges of the site. 
Consequently, the space between the pillars and one edge of the site can provide space 
for 3 CUs and 1 IU with the counter width of 1100mm.  There are 3 columns of 
conveyor belts beside the check-in counters and 3 columns of air passengers can 
check-in at the same time. The whole width of the check-in space is 7500mm. Since 
the total width of the site is 9700mm, the left passageway leading to the lift hall 
therefore has a width of 2000mm, which can permit 3 passengers to pass by at the 
same time since the width of the body ellipse is 610mm.  
 
If one more check-in counter is added to the system, the width of the check-in space 
would reach 9300mm (see Figure 4.71). Therefore, the left space for passageway 
would be only 400mm, which would be too narrow to be used.  
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C: Check-in Counter I: Information Counter  
Figure 4.71. Four Check-in Units and one Information Unit. 
If the 3 check-in counters were reduced to 2 counters, the width of the check-in 
workspace would be therefore reduced to 5400mm (see Figure 4.72), and the left space 
would increase to 4300m, suggesting that 7 persons can use the passageway at the 
same time.  
 118
C C I
C: Check-in Counter I: Information Counter
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Figure 4.72. Two Check-in Units and one Information Unit. 
 
If the BCS was reduced to 1CU and 1IU, the IU would be replaced by 1 CU since the 
CU can be used as an IU, while IU can not be used as CU. 2 CUs would be more 
flexible if one of the CUs did not work. The width of the workspace would be 








Figure 4.73. 1Check-in counter and 1 Information Counter 
 
The space before the check-in counter is 4500mm long. The queuing length can be 
calculated by using the following equation discussed before: 
Y1 = 460 + 610 + (a-1) x 700 + (a-2) x 200 (a: number of the passengers in a queue) 
If 3 passengers were in a queue, the length of the queue would be 2670mm, and the left 
space for passengers to pass by would be 1830mm. It would permit 2 passengers with 
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one baggage to pass by at the same time. If there were 4 passengers in a queue, the 
length of the queue would be 3570mm, and the left space for passengers passing by 
would be 930mm, not wide enough for two passengers with one piece of baggage to 
pass by at the same time.  
 
Therefore, the maximum number of passengers checking-in at the same time at 
Location 1 would be 3 x 3 = 9 (passengers). And 3 more passengers could make an 
inquiry at the information counter at the same time. 
 
The advantages and disadvantages of Scheme 1 are shown in Table 4.4.  
 
Table 4.4. Advantages and disadvantages of Scheme 1. 
 Description 
Advantage Air passengers can easily find the check-in system. 
 It is the shortest distance for air passengers to walk through to 
the check-in location after they arrive at City Hall MRT 
Station. 
Disadvantage It is a relatively long distance for a worker to walk through to 
move the baggage trolley to the platform level. 
 
 
Air passengers can easily find the check-in system on the ground level from the street. 
Signboard can be installed on the outside of walls of the Baggage Check-in System to 
make the downtown Check-in site easier to be identified. 
 
Air passengers and MRT commuters’ flow will not interfere with each other at this 
location. The train commuters can come into the lift hall through the passageway 
behind the check-in space, while air passengers will go to the check-in space through 
the stairs at one side of the site. Beside the stairs is a ramp designed to allow 
passengers to convey their baggage easily.  
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Scheme 2 
Scheme 2 is located at concourse level of the MRT station (see Figures 4.74-4.81). 
Compared with the location at ground level, air passengers’ baggage handling 
processes to the counters are longer than at the ground level. The advantages and 
disadvantage of the location are listed in the Table 4.6. 
Table 4.5. Advantage and disadvantage of Scheme 2. 
 Description 
Advantage It is be a less long distance for a worker to walk through to 
move transport the baggage trolley to platform level than at 
ground level.  
Disadvantage Air passengers need to take their baggage to concourse 
level after they arrive at the station from the streets. 
 
Passengers also need to enter the AFC gate to check-in at the location of Scheme 2 
(see Figure 4. 74-4.75). There is an AFC gate which is 1200mm wide and can be used 
for passengers with baggage. The gate is located on one side of the service office, 
which is close to the check-in location. The system does not obstruct the original door 
of the mechanical room of the station; there is 1500mm wide corridor meant for the 
staff of MRT who move in and out of the door. The door of the baggage check-in 
system is also opened to the corridor, thus avoiding directly opening the door to the 
passageway of train passengers.  
 
The BCS at concourse level contains 1 check-in counter and 1 information counter (see 
Figure 4.76). Different from the situation in Scheme 1, a conveyor belt is located 
beside the information counter in case the conveyor belt of the check-in counter is out 
of use. If this situation happened, the information counter can be transferred to the 
check-in counter to keep the normal operation of BCS.  
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The width of the passageway beside the check-in counters is also affected by the 
number of check-in counters and information counters as in Scheme 1. If there were 1 
check-in counter and 1 information counter, the width of the check-in space would be 
3900 mm; the left space would be about 3600mm since the total width of the site is 
about 7500mm, which would be used by 5 persons at the same time. If the check-in 
counters were increased to 2 check-in counters, the total length of the workspace 
would be 5400mm, the left space would be 2100mm, and 3 persons can use it at the 
same time. The site of Scheme 2 is originally a main passageway for train commuters 
to platform 1 level, and there was another symmetric passageway to platform 1 level. 
Therefore, both passageways can reach platform 1 level, and the check-in system 
located on one of the passageways would still keep 4-6 persons to walk through at the 
same time. However, if the counters increased to 3 check-in counters and 1 
information counter, the width of the check-in space would be 7100mm and the left 
space would be 400mm, which can not be used.  
 
The distance between the door of the mechanical room and the AFC gate is 18m. If the 
depth of the check-in staff space (2m) and baggage sorting room (5m) were deduced 
from the distance, the space for passenger queuing would be 11m. The maximum 
number of air passengers checking-in at the same time would be 12 for 1 Check-in 
Unit (see Figure 4.77). 
 
Therefore, at this location, the workspace can permit a maximum of 12 people to 
check-in and 12 other people to make inquiries at the same time. Compared with 
Location 1, although the numbers of check-in counters were reduced, the numbers of 
passengers who can check-in at the same time are even beyond the maximum numbers 
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of passengers in Scheme 1 (see Figures 4.78-4.81). However, this also means a longer 
waiting time to check-in for the air passengers in queue.  


















The drawing shows the upgrading work at concourse level.  Air passengers can take 
the lift from ground level to concourse level of the MRT station. At this level, the lift 
cannot directly go down to platform level, since the location of the lift at concourse 
level is beyond the boundary of the platform level. Passengers need to enter the AFC 
gate to take another lift to the platform level.  
 
 




























The drawing shows that the downtown BCS is located on the left side of concourse 
level. After the air passengers arrive at concourse level, they can convey their 
baggage through the AFC gate and check-in their baggage at the counters.  
 
 





















The drawing shows the dimensions of the check-in counters of the BCS at 
concourse level. It contains 1 check-in counter, one service counter and a 
5000x3900 mm baggage handling space. The corridor to the escalator is 3600mm 
wide, which is wider than the corridor to the lift hall at ground level. It is 
considered that the BCS site at ground level is not the main entrance for 
commuters, while at concourse level, the passageway beside the BCS site is one of 
the major corridors for both commuters and the air passengers. 
 
 

























The drawing shows that the corridor can allow at most 5 passengers to 
pass by at the same time.  
 






BCS location at concourse level. 
 




The adjacent area of the BCS location. 
 
The picture is the view of the adjacent area of the downtown BCS site at concourse level, 
where a commercial institute is located.   
 








Compared with the other side of the concourse level, this location will not block the passengers’ sight line. On the other hand, the location is close to the 
specific wide AFC gate (1.2m) for passengers with baggage. 
 





This is a closer view of the BCS at concourse level. The BCS would take some space of the original corridor, while the commuters can still pass by the 
BCS to take the escalator to the platform level of the station.  
 





This site can hold 1 check-in counter and 1 service counter, and the corridor beside the BCS can allow a maximum of 5 passengers passing by at the 
same time.  




The third location is at platform 2 level of the MRT station (see Figures 4.82-4.89). 
After analyzing the current platform 2 level at City Hall MRT Station, it is found that 
platform 2 level is a symmetric plan along the x-axis, though not a fully symmetric 
plan along the y-axis. One side of the y-axis has two more square areas of 11400 x 
8200mm than the left side, which can be used for check-in facilities.  
 
Currently, the site of Scheme 3 is for free circulation of MRT users. Some passengers 
would sit on the chairs at this site waiting for the train. There are also some phone 
booths at Location 3; some passengers would make a phone call there. Therefore, 
building the BCS at location 3 will bring some changes: 
• The chairs as well as the phone booths will be replaced by the BCS. 
• Train commuters should not be able to penetrate the BCS workspace.  
 
The range of the area affected depends on the width of the check-in counters and the 
queue length. The BCS at Location 3 has a similar layout with Scheme 2, which can 
contain 1 check-in counter and 1 information counter. The width of the check-in 
workspace is 3900mm. If there were 3 passengers in a queue, the length of the queue 
would be 2670mm. Therefore, the queue will reach the locations of the columns. With 
the increase in number of passengers, the length of the queue line will increase at 
930mm/per passenger. Since some of the train passengers need to go to the other side 
of the platform, the queue can not be too long to obstruct the way. However, it will be 
difficult to control the activities and volumes of air passengers at platform 2 level. 
Therefore, it might easily cause congestion if the BCS were to be built at Location 3. 
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The advantages and disadvantages of Scheme 3 at platform 2 level are shown in Table 
4.6.  
Table 4.6. Advantage and disadvantage of location 3. 
 Description 
It is the shortest distance for a worker to walk through to 
move the baggage trolley onto the train among the three 
locations. 
 
Advantage Air passengers arriving via the MRT services from other 
stations to City Hall would find it most convenient since 
they could check-in their baggage directly after getting off 
the train. After check-in, they could do something else such 
as shopping or meeting friends before they go to the airport. 
Air passengers need to bring their baggage to platform level 
from the streets, which need to take the lifts and enter the 
AFC gate with their baggage. 
It might cause intrusion to the commuters’ boarding and 
alighting. Disadvantage 
It will increase the level of congestion at platform level and 
it will have negative influence on the commuters’ moving 
from one side to another side of the platform.  
 
 
An apparent advantage of this location is the easy baggage handling from the system to 
the train. Since the BCS is located at the train platform, the checked baggage can be 
directly sent onto the train.  
 
It will increase the distance between the entrance of the station and the check-in site if 
the BCS was built at platform 2 level. For those air passengers who come to City Hall 
MRT Station from the streets and want to do other things in the downtown area after 
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Besides stairs and escalators, there are seats for passengers on one side at platform 2 level. 
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The downtown BCS is located at one end of the platform level and would take the space of the seats for the passengers.  This location would be 
relatively far from the stairs and escalators at this level. 
 




















Similar to the situation at concourse level, the site can contain 1 check-in 
counter and 1 service counter, which will still allow the MRT commuters to 
walk through the platform.  
 












Since the passengers need to walk from one side to the other side for train 
transition at platform 2 level, the check-in queue, which would take the space 
for the circulation between the two lines, cannot be too long.  












(See from the end of the platform to the escalators) 
 
The area where there are seats for commuters would make the development of downtown BCS 
development possible at platform 2 level. 
 




The BCS would be located at one end of the platform level, which was connected with the equipment room at platform 2 level. 
Figure 4.87. Perspective 1 of the BCS workspace at platform 2 level. 136
  
 
Since platform 2 level has the least space among the three levels, it would be better to limit the length of the check-in within the columns in front of the BCS.  




BCS at platform 2 contains 1 check-in counter and 1 service counter. And the MRT commuters can still move to the stairs and the other side of the platform 
level with this new development.   




4.3.1.4     Baggage Handling Process 
 
The outbound baggage handling process through the downtown BCS is shown in 
Figure 4. 90. After the baggage are checked in at the counters, they will be moved by 
the conveyor belt to the baggage sorting room, where they will be loaded onto a 
baggage trolley or container by the baggage handling worker. A worker will then push 
the trolley or the container to the platform of the train to Changi Airport. When the 
train arrives at City Hall MRT Station, the worker will move the baggage onto the train, 
which will then transport the baggage to Changi Airport.8  
 
Figure 4.90. Baggage handling process after the baggage are checked-in. 
                                                 
8 See Appendix 7 for a discussion of the security issue after the baggage have been checked-in.   
Baggage check-in at the check-in 
counters  
Move them into the baggage 
handling room 
Load the baggage into the baggage 
container  
Move the container onto the train 
Move the container from the train to 
the baggage handling system 
Sort the baggage with other 
baggage checked in from the airport
Move the baggage onto the baggage 
cart and drive it to the plane 
Move the baggage onto the plane 
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When the train arrives at Changi Airport, the baggage will be sent into the airport 
Baggage Handling System and be sorted with other baggage checked in from the 
counters located at the departure hall of Changi Airport. Finally, they will be sent onto 
the plane together with the baggage checked in from the airport departure hall for their 
designated flights.  
 
The train space for baggage handling is dependent on the number of baggage accepted 
from the downtown BCS as well as the economic requirements of the airlines, train 
operators, etc. Since the research  mainly focuses on the workspace of the downtown 
BCS at City Hall MRT Station, the detailed situations of baggage transportation on the 
train after they are checked in is beyond the major concern of the research and so 
further research can be conducted on this issue. 
 
The whole downtown BCS design, like an architectural design which needs the 
cooperation of architects, civil engineers, and equipment engineers, requires a design 
team to conduct a detailed research. This research focuses on one of the aspects, 
check-in workspace scenario research at City Hall MRT Station. This research also 
tried to apply the macroergonomic theory into downtown baggage check-in system 
development and hopes to arouse more care and interest in the system development as 
well as the application of macroergonomic theory into more fields.    
4.3.2     Expert Interview 
The research conducted interviews with the experts of CAAS, Singapore Airlines, 
LTA, and SMRT to find out their attitudes toward the downtown BCS development at 






1. Air ticket fee. 
2. Airport construction tax, shopping, etc. 
3. Check-in counter renter fee, operation fee, etc.  
would influence the development of downtown BCS was cost of implementation, 








Figure 4.91. Economic relationships among the components of civil air transportation system. 
 
The airlines need to pay fees to the airport for their flight operation in the airport. The 
baggage check-in counter rental fee is part of it. The airlines’ revenue come from the 
air passengers. An airport with better facilities and services would be beneficial to both 
the air passengers and airlines. Therefore, the downtown BCS development will bring 
more benefit to the air passengers and bring better reputation to the air transportation 
system. 9 
 
Attitudes of Civil Aviation Authority Singapore 
The research conducted interviews with the executive engineers of CAAS on their 
views toward the downtown BCS development at City Hall MRT Station. Firstly, they 
were very interested in the downtown Baggage Check-in System development at City 
Hall MRT Station as they thought it would bring convenience to air passengers in 
Singapore.  
 
                                                 
9 See Appendix 8 for a discussion of the economic relationship on the downtown BCS development.  
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Secondly, they indicated it would be possible to transport baggage from the MRT car 
to the baggage handling area and to sort the baggage together with the baggage 
checked in from the departure hall of Changi Airport, before finally, they were sent 
onto the plane together for their flight. Thirdly, they thought that the development 
needs to consider the economic factors, given the investments required to build and 
operate the downtown BCS.  
 
Regarding Kuala Lumpur downtown baggage check-in system, they indicated that 
KLSS was relatively far from the KLIA and the taxi charge was relatively expensive. 
In Singapore, Changi Airport was not so far from the city center area and the taxi 
charge is not expensive. In other words, it was comfortable and inexpensive to take 
taxi to Changi Airport for most air passengers in Singapore.  
 
Attitudes of Singapore Airlines 
Singapore Airlines has considered the downtown BCS development for a period of 
time. Obviously, the downtown BCS would benefit air passengers and extend the 
service of the airline into the downtown area. However, it might also negatively affect 
the airlines. According to the vice president of the ground service department of SIA, a 
downtown check-in system with form and spatial dimensions similar to KL CAT 
might not be cost effective in Singapore because of the proximity of the airport to the 
city and the convenience of traveling by taxi or private car.   
 
Attitude of Land Transport Authority 
The project manager of City Hall MRT Station upgrading work had two main opinions 
in this issue. Firstly, it was difficult to set large baggage check-in facilities at City Hall 
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MRT Station. There were no sufficient extra spaces within the station for the 
development of a downtown check-in hall with the same form and dimensions as the 
City Air Terminal in KLSS. The surrounding area of City Hall MRT Station would 
also be difficult to provide the space needed. Given that the area adjacent to the 
entrance facing North Bridge Road belongs to the field of St. Andrew’s Cathedral, 
which is an important historical heritage of Singapore, this area is not suitable to be 
developed for baggage check-in. 
 
However, it would be possible to provide space at City Hall MRT Station for the 
development of the workspace of Scheme 1. The workspace can be built together with 
the upgrading project of City Hall MRT Station at entrance level. The workspace in 
Scheme 1 would not obstruct the train commuters’ transportation flow. 
 
With regard to the downtown City Air Terminal in KL, the manager thought it would 
not be necessary to build a similar system in Singapore. Changi Airport is not far from 
the city centre area and there are well developed highway systems between Changi 
Airport and city center area, making the transportation via car a fast and convenient 
transportation mode for the air passengers in Singapore.  
 
Attitudes of Mass Rapid Transit Singapore 
The deputy director in charge of Station Operations agreed that a downtown baggage 
check-in system would bring convenience to air passengers in Singapore. According to 
him, the development of the downtown BCS might bring changes to the current 
operation of the MRT system.  
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First, it is possible to add a new car to the train. However, it is difficult to extend the 
platform to adapt to the new car. It is because the platform of the MRT system is 
located between the two rail tracks. The two rail tracks cross near the two ends of the 
platform. Therefore, the crosses limit the extension of the platforms. The new car may 
be “out of” the platform, implying the new car would not be sufficiently used since the 
baggage might not take the space of the whole car. If some of the space of an existing 
car is changed into baggage transportation use, it will inevitably affect train 
passengers’ transportation. That is, the larger space baggage would take on the train, 
the fewer passengers the train would carry.  
 
Secondly, it is necessary to rearrange the train time schedule for baggage handling use. 
Putting the baggage containers from platform onto the train car requires a relatively 
longer stay time of the train at the station.   The current stay time of a train is 25 
seconds, which is not sufficient to move the baggage container onto the train.  
 
With regard to Kuala Lumpur downtown baggage check-in system, the expert thought 
the current station could not provide similar space for air passengers’ check-in use.  He 
also indicated that a similar downtown departure hall might not necessary to be built in 
Singapore since Changi Airport was not so far from the city centre area and most air 
passengers would go to Changi Airport by taxi because it was a comfortable and 




Summary of the Research Results 
This study aims to explore the workspace scenario of the downtown BCS at City Hall 
MRT Station. Mixed research methods including field studies and measurements, 
questionnaire surveys and semi-structured interviews were adopted during the research 
process.  Three schemes for the workspace development of the downtown BCS at City 
Hall MRT Station were designed and compared with each other. Computer simulation 
of the downtown BCS workspace scenarios was also realized for the design and 
comparison of these schemes.  
 
The research process was composed of three stages. The research results of the first 
stage shows that from the air passengers’ point of view, there is a need to develop the 
downtown baggage check-in system.  The largest number of respondents of the 
questionnaire surveys including MRT users and taxi users agreed to the development 
of the downtown BCS at a MRT station for outbound transportation from the 
downtown area to the airport. A downtown baggage check-in system might liberate air 
passengers from the inconvenience of baggage handling when they travel by train to 
the airport. 
 
Field studies conducted at the baggage handling area of Changi Airport Terminal 2 
shows that the it is logistically possible to develop the downtown BCS to coordinate 
with the current baggage handling process at the airport.  A fully automatic baggage 
handling system of the airport can sort the baggage from different sources and send the 
baggage to their designated carousels for their respective planes. The baggage of 
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different flights can be checked in at the same counter through the fully automatic 
baggage sorting system; the baggage checked in from places other than the airport can 
also be sent into the system and be sorted with the baggage checked in at the airport. It 
indicates that the baggage checked in by the downtown Baggage Check-in System at a 
MRT station can be sent into the fully automatic baggage sorting system, and be sorted 
together with the baggage checked in from the check-in counters located in the 
departure hall of the airport. Finally, these baggage of the same flight can be sent onto 
the plane together, although they might be checked in from different places.  
 
The results of the second stage shows that air passengers in KL can check-in at KL 
CAT in KLSS besides airport check-in mode.  Since KL CAT provides the same-day 
check-in to air passengers, passengers can check-in their baggage early in the morning 
for an evening flight at KLSS. After the baggage are checked in, air passengers can do 
things such as shopping and meeting friends in the downtown area instead of going to 
the airport immediately.  After the baggage are checked in, they are transported to 
KLIA by train and then be sent into the baggage sorting system to be sorted with other 
baggage checked in from the airport check-in counters.  
 
A downtown BCS at City Hall MRT Station would also benefit the air passengers in 
Singapore who take MRT train to Changi Airport. However, it might not be suitable to 
build a departure hall at City Hall MRT Station with the same spatial dimensions and 
form as the downtown CAT in KLSS. The MRT system is different from KL’s railway 
system. In addition, the spatial characteristics of City Hall MRT Station are different 
from the space in KLSS. City Hall MRT Station was built before the train could reach 
Changi Airport. It is an interchange station and air passengers’ transportation flow and 
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train commuters’ transportation flow are mixed with each other. Air passengers and 
train commuters board the same train at the same platform in a MRT station, while 
KLIA Express is a specific train for air passengers’ transportation between KLIA and 
KLSS. These differences also indicate that the downtown BCS at City Hall MRT 
Station needs to be different from the downtown CAT at KLSS.  
 
To conduct a deeper exploration of the workspace scenario, three schemes were 
designed at three locations of City Hall MRT Station. Each location has its advantages 
and disadvantages for the workspace development of the downtown BCS. A 
comparison among the 3 schemes found that the location at ground level would be 
relatively suitable. It is easier for air passengers to move the baggage from the street to 
the check-in area at this location than to the other locations. It is also close to the lift to 
be added for the City Hall MRT Station and the baggage handling workers can move 
the baggage trolley to the lift and descend to the platform level of the station. In 
addition, it can contain more check-in counters than the other two locations, which are 
at concourse level and platform 2 level of the station.  
 
The check-in workspace design and simulation was based on the study of the body 
ellipse theory and queuing level-of-service standards. The standards were converted in 
this research since the converted standards would be more suitable to describe the 
inter-person spacing between air passengers with baggage compared to original 
standards. Digital human models were adopted in the computer simulation. The 
locations of these digital human models were manipulated to reflect the spatial 
relationship between the personnel subsystem and the technical subsystem of the 
downtown BCS at City Hall MRT Station.  
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To determine the interaction between the external environment factors and the BCS 
development, interviews were conducted with the experts of CAAS, SIA, LTA, and 
SMRT. With regard to the downtown City Air Terminal in KLSS, the experts had 
similar opinions. According to them, since KLIA is relatively far from the downtown 
area of KL City, the taxi charge is relatively expensive because of the distance. The 
downtown CAT might be cost effective since other public transportation modes from 
the downtown area to KLIA might be inconvenient or expensive.  
 
According to the experts, Singapore has unique transportation context. The distance 
between Changi Airport and the downtown area is not so far and the taxi charge is not 
expensive. Most air passengers would take taxi or private car to Changi Airport. 
Therefore, a downtown BCS with the same dimensions and form as the City Air 
Terminal might not be necessary to be built in Singapore.  
 
The experts of CAAS were very interested in the workspace development of 
downtown BCS at City Hall MRT Station. According to them, downtown Baggage 
Check-in System would bring convenience to air passengers. And they indicated that it 
would be possible to move baggage from the MRT train to the baggage handling area 
of the airport and to sort them together with the baggage checked in from the counters 
at the departure halls.  
 
According to the vice president of the ground service department of Singapore Airlines, 
a downtown City Air Terminal of the same spatial dimensions and form as KL CAT 
might not be a cost effective mode to be built in Singapore because of the convenience 
of car transportation from the downtown area to Changi Airport.  
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The project manager of the upgrading work of City Hall MRT Station thought it would 
be possible to develop downtown BCS workspace at the location of Scheme 1, which 
is on the ground level of the station. He indicated that the space needed in Scheme 1 
would not obstruct the normal train passenger flows. 
 
The deputy director in charge of the station operations of SMRT thought the 
development of downtown BCS would make air passengers feel more comfortable 
during their outbound transportation by train. He also indicated that the development 
of downtown BCS might have positive symbolic meaning to the transportation 
industry. With regard to the factors which would influence this development, he 
indicated that the checked baggage from the downtown BCS would inevitably take the 
space of train passengers, which might cause revenue loss to SMRT. Therefore, 
economic factor needs to be considered for the development of the downtown BCS. 
According to him, a downtown BCS with the same dimensions and form as KL CAT is 
difficult to be built at City Hall MRT Station since the operation of the MRT system is 
different from KL’s railway system.  
 
Therefore, the downtown BCS development in Singapore needs to be designed 
differently from KL CAT. A downtown BCS of the same dimensions and form as KL 
CAT is not suitable to be built at City Hall MRT Station because of its negative 
impacts on the transportation flow of train commuters and the external environment. 
Among the three schemes which were designed based on the study of the interaction 
among the personnel subsystem, the technical subsystem and their external 
environment, Scheme 1 at ground level is recommended for the downtown BCS 
workspace development at City Hall MRT Station.  
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Contributions and Limitations  
 
The research shows the significance of macroergonomics in work system design. The 
interaction among the personnel subsystem, the technical subsystem, and the external 
environment was considered from the beginning of the research. The research results 
on the interaction were transferred into the workspace design of the downtown BCS, 
which made the workspace of the downtown BCS more adaptable to the human space 
requirements as well as the transportation context.  
 
The research investigated the situations of air passengers’ transportation process and 
baggage handling process from the downtown area to the airport in Singapore and 
Kuala Lumpur. Three schemes were designed for the development of a downtown 
BCS at City Hall MRT Station. Furthermore, the experts’ attitudes toward downtown 
BCS development were learned through interviews. The research found that the 
downtown BCS development at City Hall MRT Station needs to be different from KL 
CAT. A downtown BCS of the same spatial dimensions and form as KL CAT would 
not be suitable to be built at City Hall MRT Station. The research recommended the 
workspace with no more than 3 Check-in Units and 1 Information Unit on the ground 
level to be a relatively suitable workspace among the three schemes for the 
development of the downtown BCS at City Hall MRT Station.   
 
The research converted Fruin’s queuing level-of-service standards to describe the 
spatial relationship between air passengers with baggage. Digital human models were 
applied into the computer simulation of the workspace. Based on the theories and 
technology, the spatial relationship between the personnel subsystem and the technical 
subsystem were accurately manipulated in the computer simulation.   
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The research did not provide photographic description of baggage handling system of 
Changi Airport T2 and KLIA. Although field studies were conducted at the baggage 
handling systems in the two airports, photos were not allowed to be taken due to the 
security requirements. A survey on the attitudes of MRT commuters toward downtown 
BCS development was not conducted due to the limited time and the complex 
procedure needed to be completed. The MRT commuters’ attitudes toward downtown 
BCS development at City Hall MRT Station were therefore not obtained.  
 
Further Research  
On one hand, the research focuses on the workspace scenario of the downtown BCS 
development at City Hall MRT Station. There are still many issues related with the 
whole system design. Furthermore, the macroergonomic system itself is also not static; 
it will change with its influential factors, which may come from the personnel 
subsystem, the technical subsystem as well as the external environment. Therefore, as 
an attempt to apply macroergonomic theory into downtown BCS development in 
Singapore, the research hopes to arouse more researchers’ concern on the downtown 
BCS development as well as the work system theory. On the other hand, the research 
is mainly concerned about the downtown baggage check-in system at City Hall MRT 
Station, leaving the baggage check-out system and air passengers’ inbound 
transportation process. However, the research of the baggage check-in system would 
provide a basis for further studies on the scenario of the baggage check-out system at a 
MRT station.  
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APPENDIX 1 
MICROERGONOMICS AND MACROERGONOMICS 
 
 
As a scientific discipline, ergonomics has at least five clearly identifiable subparts 
(Hendrick and Kleiner, 2000, p. 5):  
 
1. Human-machine interface technology, or hardware ergonomics. 
2. Human-environment interface technology, or environmental ergonomics. 
3. Human-software interface technology, or cognitive ergonomics. 
4. Human-job interface technology, or work design ergonomics. 
5. Human-organization interface technology or macroergonomics. 
 
Human-machine interface technology “primarily concerned about the human physical 
and perceptual characteristics, and the application of the knowledge to the analysis, 
design and evaluation of controls, displays, and work space arrangements (Hendrick, 
1998, p. 5).”  
 
Human-environmental ergonomics technology is concerned with human capabilities 
and limitations with respect to the environmental modalities (e.g. light heat, noise, 
vibration, etc). It is applied to the design of human environments to minimize 
environmental stress on human performance including comfort, health and safety 
(Hendrick, 1998, p. 6).  
 
Human-software interface technology is also known as cognitive ergonomics since it is 
mainly concerned with how people conceptualize and process information (Hendrick, 
1998, p. 6).  
 
Human-job interface technology is concerned with the content of the job that an 
individual or group undertakes (for example, the tasks and roles they fulfill) and the 
methods they used to undertake their work (Holman, Clegg, & Waterson, 2002, p. 197). 
 
The first four technologies focus primarily on the individual or subsystem level, while 
the fifth focuses on the overall work system level. The first four technologies 
constitute the technologies of micro-ergonomics, while the fifth is the primary 
technology of macroergonomics (Hendrick and Kleiner, 2000, p. 6).  
Macroergonomics is the newest part of the human factors research, which concerns the 
whole structure of the work system and it interfaces with the system’s people and 
technology (Hendrick, 1998, p. 7).  
 
Before 1980s, the main concern of the human factors was micro-ergonomics, which 
was how to optimize the interactions between operators and their work environment 
(Hendrick and Kleiner, 2000, p. 1). It was known as man-machine interface design. 
With the development of the computer and automation, a new subdiscipline of human 
factors known as cognitive ergonomics emerged.  
 
In 1978, the changes occurring in the society and environment made the human factors 
continuously develop to be adequate to these trends. Under this situation, the Select 
Committee on Human Factors Future was formed (1998-2000) by the HFS (renamed 
the Human Factors and Ergonomics Society in 1993) to study the changes and trends 
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and their influence on Human Factors futures. This committee was where the macro-
ergonomic study begins.  
 
With the development of information technology, the increase of population and 
human values, and the world competition, Hendrick concluded that there was a need to 
integrate organizational design and management factors into ergonomic research and 
practice (Hendrick and Kleiner, 2000, p. 4). In 1984, an ODAM technical group was 
formed within the Human Factors Society, and following that, similar research groups 
emerged to begin the study on ODAM. By 1986, macroergonomics became a separate 
subdiscipline.  
 
Macroergonomics is concerned with the analysis and design of work systems 
(Hendrick and Kleiner, 2000, p. 1). A work system “consists of two or more persons 
interacting with some form of job design, hardware or/and software, internal 
environment, external environment, and an organization design (Hendrick and Kleiner, 
2000, p. 1).”  The term, “work” refers to any forms of human effort or activity 
including recreation and leisure pursuits. 
 
Job design includes work modules, tasks, knowledge and skill requirements, etc 
(Kleiner, 1998, p. 135). The hardware typically consists of machines or tools. The 
internal environment consists of various physical parameters, such as temperature, 
humidity, illumination, noise, air quality, and vibration, and psychosocial factors. The 
external environment consists of those elements that permeate the organization to 
which the organization must be responsive to be successful. Included are political, 




























ANTHROPOMETRIC MEASUREMENTS FOR SEATED AND STANDING 
PASSENGERS 







Questionnaire Survey on Air Passengers’ Transportation  






We are research students from National University of Singapore, conducting a 
questionnaire survey on air passengers’ attitudes toward transportation from downtown 
area to Changi Airport. Its aim is to investigate the passengers’ requirements and 
provide database for the development of transportation service for air passengers in 
Singapore.  
 
Your responses are highly appreciated. 
 
 
¾ Please note that the word “MRT” in the questionnaire is the abbreviation of “Mass 
Rapid Transit,” a high speed train system which links Changi Airport with other 
parts of the country.  
  






















                                                 
1    Two questionnaire surveys were conducted among air passengers who took taxi to Changi Airport 
and air passengers who took MRT to Changi Airport. This was the questionnaire for air passengers who 
took MRT to Changi Airport.  
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1. Sex                 □ Male          □ Female 
 
2. Residence         □ Singapore  □  Other Countries    
 
 
3. What is your main reason (s) of transporting by MRT to Changi Airport? (More  
than one box may be ticked) 
□ MRT is relatively safe.  □ MRT is relatively comfortable.  □ MRT is 
relatively fast.  □ MRT is relatively cheap. □ MRT is relative reliable.      
□Others, please describe _______ 
 
4. Did you experience discomfort or pain in any part of your body as a result of your 
baggage handling activities? For those body parts affected, please circle the score 
which you feel best describes your level of comfort.  
       
5. Have you heard of in-town baggage check-in for air passengers, which means that 
air passengers can check in their baggage at the railway stations in the city centre 
area instead of checking in their baggage in the airport? 
    □Yes     □No 
 
6. Have you experienced this kind of check-in? 




7. Do you agree it is necessary to develop in town check-in service at MRT station 
in Singapore? (The in town check-in service is supposed to be free to air 
passengers.) 
□Yes    □No    □No comments 
 
       
 
If yes, what is the main reason (s)? (More than one box may be ticked) 
    □It is an advanced transportation mode needed to be developed in Singapore.  
    □It is relatively safe.              □It is relatively comfortable. 
    □It is relatively fast.              □It is a free service. 
    □Others, please describe _______ 
 
If not, what is the main reason (s)? (More than one box may be ticked) 
□It is not necessary in Singapore. 
□It is not safe enough.            □It is not comfortable enough. 
      □It is not fast enough.            □Others, please describe _______ 
 
      If no comments, what is the main reason (s)? (More than one box may be ticked) 
      □I do not know the situation of Singapore. 
□I think both “yes” and “no” are suitable for Singapore. 
□I have no idea about it. 
□Others, please describe _______ 
 
 
8. The listed elements may affect the transport mode selection between Changi 
Airport and your destination.  Please tick  level of importance which most affects 















Questionnaire Survey on Air Passengers’ Transportation  






We are research students from National University of Singapore, conducting a 
questionnaire survey on the air passengers’ attitudes toward transportation from 
downtown area to Changi Airport. Its aim is to investigate passengers’ requirements 
and provide database for the development of transportation service for air passengers 
in Singapore.  
 
Your responses are highly appreciated. 
 
 
¾ Please note that the word “MRT” in the questionnaire is the abbreviation of “Mass 
Rapid Transit,” a high speed train system which links Changi Airport with other 
parts of the country.  
  























                                                 
2    Two questionnaires surveys were conducted among air passengers who took taxi to Changi Airport 
and air passengers who took MRT to Changi Airport. This was the questionnaire for air passengers who 
took taxi to Changi Airport.  
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1. Sex                 □ Male          □ Female 
 
2. Residence         □ Singapore  □  Other Countries    
 
 
3. What is you main reason (s) of transporting by taxi to Changi Airport? (More  
than one box may be ticked) 
      □MRT is not so safe. □MRT is not so comfortable. □MRT is not so fast. 
    □MRT is not so cheap. □I am not familiar with transporting via MRT. 
    □Others, please describe _______ 
 
4. Did you experience discomfort or pain in any part of your body as a result of your 
baggage handling activities? For those body parts affected, please circle the score 
which you feel best describes your level of comfort.  
       
5. Have you heard of in-town baggage check-in for air passengers, which means that 
air passengers can check in their baggage at the railway stations in the city centre 
area instead of checking in their baggage in the airport? 
    □Yes     □No 
 
6. Have you experienced this kind of check-in? 
□Yes    □No 
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7. Do you agree it is necessary to develop in town check-in service at MRT station 
in Singapore? (The in town check-in service is supposed to be free to air 
passengers.) 
□Yes    □No    □No comments 
 
       
 
If yes, what is the main reason (s)? (More than one box may be ticked) 
    □It is an advanced transportation mode needed to be developed in Singapore.  
    □It is relatively safe.              □It is relatively comfortable. 
    □It is relatively fast.              □It is a free service. 
    □Others, please describe _______ 
 
If not, what is the main reason (s)? (More than one box may be ticked) 
□It is not necessary in Singapore. 
□It is not safe enough.            □It is not comfortable enough. 
      □It is not fast enough.            □Others, please describe _______ 
 
      If no comments, what is the main reason (s)? (More than one box may be ticked) 
      □I do not know the situation of Singapore. 
□I think both “yes” and “no” are suitable for Singapore. 
□I have no idea about it. 
□Others, please describe _______ 
 
 
8. The listed elements may affect the transport mode selection between Changi 
Airport and your destination.  Please tick level of importance which most affects 
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This paper discusses how digital human 
models have been applied in the work 
system simulation of downtown baggage 
check-in at City Hall Mass Rapid Transit 
(MRT) Station in Singapore.  The 
challenge was how to integrate the 
simulation of the personnel, technical, and 
environmental subsystems into one 
computer model.  The application of digital 
human models gave another way to 
describe the body ellipse theory and 
queuing level-of-service standards. Based 
on a combination of contemporary 
technology and traditional theory, 
researchers from different disciplines were 
able to discuss the system design within 
one computer model.  
INTRODUCTION 
This paper reports on the significance of 
digital human models in the design and 
simulation of downtown baggage check-in 
work system at City Hall Mass Rapid 
Transit (MRT) Station in Singapore. The 
work system was designed for air 
passengers who take MRT services to 
Changi International Airport. The aim of 
the work system design was to provide 
these air passengers with a baggage check-
in option at the station and relieve them 
from carrying the baggage onto the train. 
Human models were applied to simulate 
the air passengers, airline check-in staff, 
and baggage handling workers as well as 
the MRT commuters. These human models 
were integrated with the station building 
environment and check-in instrumentations 
to simulate the work system.  
PROCESS AND METHODS 
1. EXPORTING THE 3D BUILDING 
MODEL TO THE SOFTWARE 
CAPABLE OF MODELING DIGITAL 
HUMANS - The 3D model of the work 
system was created using architecture 
modeling software (AUTOCAD/3DVIZ), 
which did not have a human factors 
module to create and analyze the digital 
human models from an ergonomic point of 
view.  As the human-centered work system 
design needs the ergonomic simulation of 
the personnel subsystem, the building 
models created in AUTOCAD/3DVIZ 
were exported as SAT files to CATIA. 
2. DETERMINING THE DIMENSIONS 
AND LOCATIONS OF DIGITAL 
HUMAN MODELS IN THE 
SIMULATION OF THE WORK 
SYSTEM - The dimensions of the different 
body parts of human models were 
manipulated and adjusted by inputting data 
in the CATIA dialogue box. Another 
method was to load a human model with 
dimensions based on certain percentiles of 
a specific target group. For example, a 
human model with anthropometric data of 
the 90th percentile of Singapore male can 
be directly imported from the human 
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library without inputting data of individual 
body segments.  
The main objective of this research was to 
determine the possibility of implementing 
and positioning more than one human 
model, as well as their relative dimensions 
within a specific space. In CATIA, human 
models could be positioned by 
manipulating the hinge points, which are 
the points on the digital human body such 
as the heel point (see Fig. 1).  The location 
of the hinge point, which was initially 
determined in the 3D space, was then 
superimposed with the digital human model, 
through the alignment of the anchor points. 
 
Figure 1. A hinge point on the digital human body. 
However, it did not provide a method for 
assessing distances and clearances if more 
than one digital human model is introduced 
into the system. In addition, it was difficult 
to manipulate the locations of a larger 
number of human models merely by using 
hinge points. This paper would provide 
another method to describe and control the 
distances among the human models in the 
work system simulation, which was based 
on the queuing level-of-service standards 
and field studies at Changi International 
Airport.  
According to Fruin (1971), the body ellipse 
is a simple and convenient method to 
simulate pedestrians within a specific 
environment. The body ellipse represents 
the basic geometric elliptical space that a 
human body would occupy. A 45.7 by 61.0 
centimeters body ellipse was used when he 
researched on pedestrian space.  
By using body ellipse, pedestrian queuing 
density can be classified into four zones. 
Based on the pedestrian queuing zones, 
queuing level-of-service standards were 
designed and applied for many years in the 
design of walkways, stairways, and queue 
areas (Wright, Ashford, & Stammer, 
1998). The standards from A to F provided 
the description of the inter-person spacing 
within pedestrian queues: 
Level of service A (Inter-person Spacing: 
>1.2m):    Space is provided for standing 
and free circulation through the queuing 
area without disturbing others.  
Level of service B (Inter-person Spacing: 
1.1-1.2m): Space is provided for standing 
and restricted circulation through the queue 
without disturbing others.  
Level of service C (Inter-person Spacing: 
0.9-1.1m): Space is provided for standing 
and restricted circulation through the 
queuing area by disturbing others. It is 
within the range of the personal comfort 
body buffer zone established by 
psychological experiments.  
Level of service D (Inter-person Spacing: 
0.6-0.9m): Space is provided for standing 
without personal contact with others, but 
circulation through the queuing area is 
severely restricted, and forward movement 
is only possible as a group. 
Level of service E (Inter-person Spacing: 
≤0.6m):   Space is provided for standing, 
but personal contacts with others are 
unavoidable. Circulation within the 
queuing area is not possible.  
Level of service F (Close contact): Space is 
approximately equivalent to the area of the 
human body. No movement is possible and 
close contact is unavoidable.                
The anthropometric data in Fruin’s 
research was slightly larger than the 
average anthropometric data of 
Singaporeans. In this study, the air 
passengers came from different countries, 
using larger body dimensions would be 
more inclusive for the human models.  The 
body ellipse was hence used to describe 
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and simulate the space occupation of air 
passengers and other participants of the 
work system.  
The body ellipse of 45.7 by 61.0 
centimeters may not be suitable for the 
passengers with even larger 
anthropometric dimensions.  However, this 
paper was to provide an example of 
applying body ellipses in human modeling, 
as the dimension of the body ellipse can be 
adjusted for different cases.   
Which “level-of-service” should be 
adopted to describe the spacing among the 
air passengers is dependent on the major 
aim of the research. In this simulation of 
the downtown baggage check-in system, 
the selection of certain level was based on 
the real situation of check-in queues at the 
airport. 
The level-of-service standards did not 
consider pedestrians with baggage, while 
air passengers at check-in queues at 
Changi International Airport usually use 
trolleys to transport their baggage. Under 
this situation, the queuing level-of-service 
standards cannot be directly adopted to 
describe the inter-person spacing among 
the air passengers.  
Furthermore, the field study at City Hall 
MRT Station indicated that the air 
passengers would carry no more than one 
piece of baggage with them when they 
took the MRT service to the airport, while 
air passengers who had two or more 
baggage would usually take a taxi instead. 
Therefore, the characteristics of the air 
passengers’ check-in queues at the MRT 
station would be different from both the 
common pedestrian queues and the check-
in queues at the airport. The theoretical 
data of queuing level-of-service standards 
and the results obtained from the field 
studies at Changi International Airport also 
needed to be converted for the queuing 
simulation at the MRT station. Within this 
context, a more suitable way of 
approaching queuing level-of-service 
standards can be described as follows: 
The distance (y1) between the centers of 
the body ellipses in the queuing level-of-
service standards was converted to the 
clearance (y2) between the body ellipses 
(see Fig. 2).  
y1 y2
 
Figure 2.  Conversion of the distance between the 
body ellipses. 
This has resulted into a conversion of 
queuing level-of-service standards, which 
is based on the relative clearance between 
two persons in a queue as indicated by 
“y2” in Figure 2 and Table 1. 
Table 1. Conversion of the queuing level-of-service 
standards. 
Level-of-service y1 (cm) y2 (cm) 
Level-of-service A >121.9 >76.2 
Level-of-service B 106.7-121.9 61.0-76.2 
Level-of-service C 91.4-106.7 45.7-61.0 
Level-of-service D 61.0-91.4 15.3-45.7 
Level-of-service E ≤61.0 ≤15.3 
 
Hereby, air passengers carrying 
baggage/handling trolleys can be 
considered as one integral block. The 
clearance (y2) between two blocks was 
described by the converted queuing level-
of-service standards (see Fig.3).  
y2 y2
 
Figure 3.  The clearance between the blocks of the 
integral air passenger and the baggage/trolley. 
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Although the distances between the center 
points of the air passengers’ body ellipses 
at Changi International Airport would be 
different from those at the MRT station 
context, the clearances between the air 
passengers with baggage was estimated to 
be similar to the situation in the airport 
departure hall. Similarity in queuing 
clearance is proposed when heel to front of 
trolley is compared to suitcase to suitcase 
side. Therefore, in this simulation, the 
clearance between the air passengers 
handling trolleys in the airport departure 
hall was adopted as the clearance between 
the air passengers with baggage at the 
MRT station. 
Based on the field study of Changi 
International Airport, the characteristics of 
air passengers’ baggage check-in queues 
were explored. The computer simulation 
adopted the levels, which were similar to 
the scenarios of queuing for baggage 
check-in at Changi International Airport, 
for the inter-person spacing of the check-in 
queues at the MRT station.  
Field study showed that the y-axis 
clearance between the passenger who was 
conducting the check-in and the first 
queuing passenger was usually between 
level-of-service B and C. This was larger 
than the distance between the subsequent 
passengers, which were usually at level-of-











Figure 4.  The clearance between the check-in blocks 
at Changi International Airport. 
Therefore, in the simulation of downtown 
baggage check-in system at City Hall MRT 
Station , the clearance between the 
passenger who was conducting the check-
in  and the first waiting passengers was 
610mm at the boundary between queuing 
level-of-service B and C.  The clearance 
between the following waiting passengers 
was 200mm at queuing level-of-service D 
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Figure 5.  The simulation of check-in queues at the 
MRT station (plan). 
 
Figure 6.  The simulation of check-in queues 
(elevation). 
3. CREATING THE HUMAN MODELS 
BY USING THE BOUNDARY LINES OF 
THE INTEGRAL BLOCK - The ellipse 
templates were built before the creation of 
the digital human models in the simulation. 
The human models were then created and 
located within these ellipse templates, 
which at the same time served as boundary 
lines. The same method was applied to the 
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air passengers with baggage. The 
manipulation of the hinge points on the 
digital human models was converted into 
the manipulation of the quadrant points of 
their body ellipse or the endpoints of the 
boundary lines of the blocks.  This method 
would be convenient to locate a wide range 
of human models, representing passengers 
in different locations of the building 
environment as well as to analyze their 
spatial relationships. 
4. CREATING OTHER HUMAN 
MODELS REPRESENTING DIFFERENT 
PARTICIPANTS - Along with air 
passengers, participants of the check-in 
work system also include airline check-in 
staffs and the baggage handling workers. 
As the feasibility of the work system will 
be evaluated within an existing MRT 
station, it would inevitably affect the 
original transportation flows of MRT 
commuters. These commuters were also 
included in the check-in simulation. 
The locations and actions of these different 
kinds of people will vary dependent upon 
their task and environmental context. 
Therefore, the application of human 
models would be useful to simulate and 
manipulate the static and dynamic 
postures, related to the required tasks and 
actions (see Fig. 7). 
 
Figure 7.  Simulation of the different participants of 
the work system. 
5. SELECTION OF WORKPLACE 
WITHIN THE CITY HALL MRT 
STATION - Several locations within the 
City Hall MRT Station were chosen for the 
work system design. The spatial 
arrangement, form and number of the 
check-in counters also differ at the various 
locations to match the space requirements 
for air passengers’ baggage check-in as 
well as not to obstruct the corridor for the 
MRT commuters (see Fig. 8).   
 
Figure 8.  Simulation of the baggage check-in work 
system on the ground level of the MRT station. 
RESULTS 
The research found that a workspace with 
no more than 3 check-in counters and 1 
service counter on the ground level would 
in comparison to the different schemes be 
the most suitable workplace for a baggage 
check-in system at City Hall MRT Station.  
The digital human modeling simulation 
showed that the maximum number of 
passengers in the check-in queues should 
not exceed 9 at the same time (see Fig. 9). 
Another maximum 3 passengers are 
allowed to be in the queue at the service 
counter. These data would be helpful for 
the further decision making of the 
authorities involved.   
 
 




Body ellipse templates and queuing level-
of-service standards were applied to 
describe and locate the digital human 
models in the air passengers’ check-in 
queuing simulation. The locations of 
human models, instead of being 
manipulated by the hinge points on the 
bodies, were manipulated by virtual points 
such as the quadrant points of the ellipse 
outside the body. Their inter-person 
spacing was therefore decided by the 
clearance between the quadrant points of 
the body ellipses. In parallel, a human 
model with the baggage/trolley can be 
considered as one integral block. They 
were positioned and managed by 
manipulating the endpoints on the 
boundary lines of the block. In the work 
system simulation with many human 
models and objects, this method would 
make it relatively convenient to manipulate 
the spatial relationships among the digital 
human models, the check-in facilities, and 
the workplace as well as the external 
environments.  
As researchers from different backgrounds 
need to collaborate in the design of a 
downtown check-in work system, the uses 
of digital human models would be a 
suitable platform to design, assess and 
communicate the project. The work system 
simulation, which integrated subjects, 
check-in facilities, and the MRT station 
workplace, provided a way for the decision 
maker and the participants to understand 
the flow and mechanisms of the work 
system.  Further investigation of the 
participants’ and decision makers’ 
comments and feedback could be studied 
using the same working model. These 
would affect the work system design and in 
turn lead to the enhancement of workspace 
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A NEW TECHNOLOGY TO ENHANCE THE SAFETY OF BAGGAGE 
TRANSPORTATION  
 
After the baggage are checked in at the downtown MRT station, they will be 
transported from the downtown MRT station to the airport. During this period, the 
damage or loss of the baggage needs to be compensated, which might bring economic 
loss to the airlines.  A new technology will help to reduce the emergence of such 
situations.  
 
Currently, the Radio Frequency Identification Technology (RFID) has been used in the 
tracing of baggage transportation. In London Heathrow Airport, air passengers may 
leave their baggage at the airport and go to their destinations directly without taking 
any baggage. The world’s first RFID smart label tracking and delivery service using 
truly disposable tags has been adopted by London Heathrow Airport. This was 
developed by the system integrator KTP Ltd., using the Texas Instruments' Tag-it™ 
13.56MHz smart label technology. The Baggage Direct service uses the smart labels to 
track and route passenger's baggage from the airport to their hotel.1  
 
Baggage Direct is a subsidiary formed by British Airport Authority (BAA) and 
supported by the major partners (United Airlines, Forte Hotels and Lynx Express 
delivery services). It offers automatic routing and tracking of baggage from the 
Baggage Direct desk located at the arrivals concourse direct to the passenger's hotel, 
office or home. The service guarantees delivery to major London hotels within 3 hours 
and passengers can use the Internet to check on the whereabouts of their baggage at 
every stage and verify final delivery. Baggage Direct plans to equip top London hotels 
with RFID readers which will automatically trigger a text message to the passenger's 
mobile phone via the Internet telling them that their baggage has safely arrived at the 
hotel. According to the managing director of Baggage Direct, "Baggage Direct 
provides a simple yet secure way for travelers to know their baggage is being taken 
care of and delivered to their hotel safely with tracking all the way," he added.  
McCarran International Airport in Las Vegas is also implementing a baggage-tracking 
system that will use RFID baggage tags from Matrics Inc. to improve customer safety. 
The decision to implement the tracking system makes McCarran one of the first 
airports to use the RFID technology airportwide.  
This technology may also be used for the development of the downtown baggage 
check-in system at City Hall MRT Station. After the baggage are checked in, they can 
have a RFID tag attached to them and their locations can be traced before they are sent 
onto the plane. By this way, the airlines could know the location of each baggage 
during the process from the downtown MRT station to the airport, which will largely 
enhance the safety of the baggage transportation. The baggage checked in from the 
airport can also have a RFID tag, which can help to integrate the two processes, airport 
check-in and MRT station check-in, into one seamless process for a successful flight.  
                                                           






THE COST OF THE DOWNTOWN BAGGAGE CHECK-IN SYSTEM 
 
The expenditure of the downtown BCS would depend on the economic relationship 
among the organizations involved. The MRT operation company would have new 
economic relationship with civil air transportation authorities and relevant companies 
because some train car space might be used for baggage transportation instead of 
passenger transportation. Therefore, the MRT company may get income from the 
station rental fee as well as the train car rental fee. Similar to the situation at the airport, 
the airlines might also consign a baggage handling company to conduct the baggage 
check-in and transportation work for the downtown system.  Therefore, the 
development of the downtown BCS would foster a new economic relationship among 
the authorities and companies of rail transportation and civil aviation transportation.  
 
According to the engineers of KLIA, the construction and operation of KL CAT get 
the financial support from the country.  Express Rail Link (ERL) is responsible to 
transport the baggage from the downtown CAT to the airport. At the beginning of the 
operation of KL CAT, only MAS opened the counters at the downtown terminal. Now 
air passengers of Cathay Pacific Airways and Royal Brunei Airlines (RBA) can also 
allow their passengers to check-in at the downtown terminal. MAS was appointed to 
be the ground handler of these two airlines. It would be natural that the two airlines 
need to pay MAS the expense of the baggage transportation.  
 
The ERL project cost MYR2.4 billion, financed by a combination of equity holdings 
and loans from a local financial institution as well as export credits from Germany. 
The project of ERL, a part of the downtown CAT development, indicated that a 
combination of the local and foreign investors might also be needed for the downtown 
BCS development at City Hall MRT Station.  
 
In the downtown BCS development at City Hall MRT Station, it might not need to 
build an extra new line linking Changi Airport with the downtown area since the MRT 
system is quite convenient for inland transportation.  The main cost might include the 
construction cost of the downtown BCS at the station, the building rental, train rental 
and the cost of the manpower. It would also need a combination of local and 
international investors and it might also be possible to get the funding from the country 
since it would not only bring benefit to air passengers, but also would enhance the 
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